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TO 


THE   FOURTH   EDITION. 


In  order  to  keep  pace  with  the  progress  of  discovery 
in  various  branches  of  the  Physical  Sciences,  this 
book  has  been  again  carefully  revised. 
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PREFACE. 


The  progress  of  modem  scieDce,  especially  within  the 
last  five  years,  has  been  remarkable  for  a  tendency 
to  simplify  the  laws  of  nature,  and  to  unite  detached 
branches  by  general  principles.  In  some  cases  identity 
has  been  proved  where  there  appeared  to  be  nothing 
in  common,  as  in  the  electric  and  magnetic  influences : 
in  others,  as  that  of  light  and  heat,  such  analogies 
have  been  pointed  out  as  to  justify  the  expectation, 
that  they  will  ultimately  be  referred  to  the  same 
agent :  and  in  all  there  exists  such  a  bond  of  union, 
that  proficiency  cannot  be  attained  in  any  one  without 
a  knowledge  of  others. 

Although  well  aware  that  a  far  more  extensive 
illustration  of  these  views  might  have  been  given,  the 
Author  hopes  that  enough  has  been  done  to  show  the 
connexion  of  the  Physical  Sciences. 
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Science^  regarded  as  the  pursuit  of  truths  must  ever  afford 
occupation  of  consummate  interest^  and  subject  of  elevated 
meditation.  The  contemplation  of  the  works  of  creation 
elevates  the  mind  to  the  admiration  of  whatever  is  great  and 
noble ;  accomplishing  the  object  of  all  study^  which^  in 
the  eloquent  language  of  Sir  James  Mackintosh^  ''  is  to  in- 
spire the  love  of  truths  of  wisdom^  of  beauty  —  especially 
of  goodnessj  the  highest  beauty — and  of  that  supreme  and 
eternal  Mind^  which  contains  all  truth  and  wisdom^  all 
beauty  and  goodness.  By  the  love  or  delightful  contem- 
plation and  pursuit  of  these  transcendent  aims^  for  their 
own  sake  only,  the  mind  of  man  is  raised  from  low  and 
perishable  objectSt  and  prepared  for  those  high  destinies 
which  are  appointed  for  all  those  who  are  capable  of 
them." 

Astronomy  affords  the  most  extensive  example  of  the 
connection  of  the  physical  sciences.  In  it  are  combined 
the  sciences  of  number  and  quantity^  of  rest  and  motion. 
In  it  we  perceive  the  operation  of  a  force  which  is  mixed 
up  with  every  thing  that  exists  in  the  heavens  or  on  earth ; 
which  pervades  every  atom^  rules  the  motions  of  animate 
and  inanimate  beings^  and  is  as  sensible  in  the  descent  of  a 
rain  drop  as  in  the  falls  of  Niagara ;  in  the  weight  of  the 
air,  as  in  the  periods  of  the  moon.  Gravitation  not  only 
binds  satellites  to  their  planet^  and  planets  to  the  sun,  but 
it  connects  sun  with  sun  throughout  the  wide  ctlI^ivX.  oi 
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creation,  and  is  the  cause  of  the  disturbances,  as  well  as  of 
the  order,  of  nature :  since  every  treiflour  it  excites  in  any 
one  planet  is  immediately  transmitted  to  the  farthest  limits 
of  the  system,  in  oscillations,  which  correspond  in  their 
periods  with  the  cause  producing  them,  like  sympathetic 
notes  in  music,  or  vibrations  from  the  deep  tones  of  an 
organ. 

The  heavens  afford  the  most  sublime  subject  of  study 
which  can  be  derived  from  science.  The  magnitude  and 
splendour  of  the  objects,  the  inconceivable  rapidity  with 
which  they  move,  and  the  enormous  distances  between  them, 
impress  the  mind  with  some  notion  of  the  energy  that  main- 
tains them  in  their  motions,  with  a  durability  to  which  we 
can  see  no  limit.  Equally  conspicuous  is  the  goodness  of 
the  great  First  Cause,  in  having  endowed  man  with  facul- 
ties, by  which  he  can  not  only  appreciate  the  magnidcenoe 
of  His  works,  but  trace,  with  precision,  the  operation  of 
His  laws,  use  the  globe  he  inhabits  as  a  base  wherewith  to 
measure  the  magnitude  and  distance  of  the  sun  and  planets, 
and  make  the  diameter  ^  of  the  earth's  orbit  the  first  step  of 
a  scale  by  which  he  may  ascend  to  the  starry  firmament. 
Such  pursuits,  while  they  ennoble  the  mind,  at  the  same 
time  inculcate  humility,  by  showing  that  there  is  a  barrier 
which  no  energy,  mental  or  physical,  can  ever  enable  us  to 
pass :  that,  however  profoundly  we  may  penetrate  the 
depths  of  space,  there  still  remain  innumerable  systems, 
compared  with  which,  those  apparently  so  vast  must 
dwindle  into  insignificance,  or  even  become  invisible ;  and 
that  not  only  man,  but  the  globe  he  inhabits  —  nay,  the 
whole  system  of  which  it  forms  so  small  a  part  —  might 
be  annihilated,  and  its  extinction  be  unperceived  in  the 
immensity  of  creation. 

A  complete  acquaintance  with  physical  astronomy  can 
be  attained  by  those  only  who  are  well  versed  in  the  higher 
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branches  of  mathematical  and  mechanical  science  i,  and  they 
alone  can  appreciate  the  extreme  beauty  of  the  results^ 
and  of  the  means  by  which  these  results  are  obtained. 
It  is  nevertheless  true^  that  a  sufficient  skiU  in  analysis^ 
to  follow  the  general  outline  —  to  see  the  mutual  de» 
pendence  of  the  different  parts  of  the  system,  and  to 
comprehend  by  what  means  the  most  extraordinary  con- 
clusions have  been  arrived  at  —  is,  within  the  reach  oi 
many  who  dirink  from  the  task,  appaUed  by  dtfficultiesi, 
not  more  formidable  than  those  incident  to  the  study  of 
the  elemmts  of  every  branch  of  knowledge.  There  is  a 
wide  distinctioB  between  the  degree  of  mathematical  acquire- 
me^  necessary  for  making  discoveries,  and  that  which  is 
requisite  for  unda*standing  what  others  have  done. 

Our  knowledge  of  external  objects  is  founded  upou  ex- 
perience, which  furnishes  facts;  the  comparison  of  these  facts 
estaldishes  relations,  from  which  the  belief  that  like  causes 
will  produce  like  effects,  leads  to  general  laws.  Thus,  expe- 
rience teaches  that  bodies  fall  at  the  surface  of  the  earth 
with  an  accelerated  velocity,  and  with  a  force  proportional 
to  their  masses.  By  comparison,  Newton  proved  that  the 
force  which  occasions  the  fall  of  bodies  at  the  earth's  sur- 
face is  identical  with  that  which  retains  the  moon  in  her 
orbit ;  and  he  concluded,  that  as  the  moon  is  kept  in  her 
orbit  by  the  attraction  of  the  earth,  so  the  planets  might 
be  retained  in  their  orbits  by  the  attraction  of  the  sun. 
By  such  steps  he  was  led  to  the  discovery  of  one  of  those 
powers,  with  which  the  Creator  has  ordained,  that  matter 
should  reciprocally  act  upon  matter. 

Physical  astronomy  is  the  science  which  compares  and 
identifies  the  laws  of  motion  observed  on  earth,  with  the 
motions  that  take  place  in  the  heavens  ;  and  which  traces, 
by  an  uninterrupted  chain  of  deduction  from  the  great 
principle  that  governs  the  universe,  the  revolulioxv^  «^i\ 

^  yote  2.  2  Note  3. 
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rotations  of  the  planets^  and  the  oscillations  ^  of  the  fluida 
at  their  surfaces;  and  which  estimates  the  changes  the 
system  has  hitherto  undergone,  or  may  hereafter  expe- 
ence  —  changes  which  require  millions  of  years  for  their 
accomplishment. 

The  accumulated  efforts  of  astronomers^  from  the  ear« 
liest  dawn  of  civilisation^  have  heen  necessary  to  establish 
^e  mechanical  dieory  of  astronomy.  The  courses  of  the 
planets  have  heen  observed  for  ages,  with  a  degree  of  per- 
severance that  is  astonishing,  if  we  consider  the  imperfec- 
tion and  even  the  want  of  instruments.  The  real  motions 
of  the  earth  have  been  separated  from  the  apparent  motions 
of  the  planets ;  the  laws  of  the  planetary  revolutions  have 
been  discovered ;  and  the  discovery  of  these  laws  has  led 
to  the  knowledge  of  the  gravitation^  of  matter.  On  the 
other  hand,  descending  from  the  principle  of  gravitation, 
every  motion  in  the  solar  system  has  been  so  completely 
explained,  that  the  laws  of  any  astronomical  phenomena 
that  may  hereafter  occur,  are  already  determined. 

iNotel  a  Note  5. 
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▲TTRACTION    OF    ▲    SPHERE.  •— FORM    OF    CELESTIAL   BODIES. TER- 
RESTRIAL ORAYITATION  RETAINS  THE  MOON  IN  HER  ORBIT. THE 

HEAVENLY  BODIES  MOVE  IN  CONIC  SECTIONS.  —  GRAVITATIOK 
FROFORTIGNAL   TO   MASS.  •—  GRAVITATION   OF   THE    PARTICLES   OF 

MATTER.  <—  FIGURE    OF    THE    PLANETS.  HOW    IT    AFFECTS    THE 

MOTIONS  OF  THEIR  SATELLITES.  —  ROTATION  AND  TRANSLATION 
IMTRESSBD  BT  THE  SAME  IMPULSE.  —  MOTION  OF  THE  SUN  AND 
fiOLAR   STSTEM. 


It  has  been  proved  by  Newton^  that  a  particle  of  matter  ^ 
pkoed  without  the  surface  of  a  hollow  sphere  ^^  is  attracted 
by  it  in  the  same  manner  as  if  the  mass  of  the  hollow 
sphere^  or  the  whole  matter  it  contains,  were  collected  into 
one  dense  particle  in  its  centre.  The  same  is  therefore 
true  of  a  solid  sphere^  which  may  be  supposed  to  consist 
of  an  infinite  number  of  concentric  hollow  spheres.^ 
This,  however,  is  not  the  case  with  a  spheroid^ ;  but  the 
celestial  bodies  are  so  nearly  spherical,  and  at  such  remote 
distances  from  one  another,  that  they  attract  and  are  at- 
tracted as  if  each  were  condensed  into  a  single  particle 
situate  in  its  centre  of  gravity^  —  a  circumstance  which 
greatly  facilitates  the  investigation  of  their  motions. 

Newton  has  shown  that  the  force  which  retains  the 
moon  in  her  orbit,  is  the  same  with  that  which  causes 
heavy  substances  to  fall  at  the  surface  of  the  earth.  If 
the  earth  were  a  sphere,  and  at  rest,  a  body  would  be 
equally  attracted,  that  is,  it  would  have  the  same  weighty 
at  every  point  of  its  surface,  because  the  surface  of  a 
sphere  is  every  where  equally  distant  from  its  centre.    But 

1  Note  6.  3  Note  7.  3  Note  a 

4  Note  9.  3  Note  10. 
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as  our  planet  is  flattened  at  the  poles  ^^  and  btilges  at  the 
equator^  the  weight  of  the  same  body  gradually  decreases 
from  the  poles^  where  it  is  greatest^  to  the  equator^  where 
it  is  least.  There  is,  however,  a  certain  mean^  latitude^, 
or  part  of  the  earth  intermediate  between  the  pole  and  the 
equator,  where  the  attraction  of  the  earth  on  bodies  at  its 
surface  is  the  same  as  if  it  were  a  sphere;  and  ex~ 
perience  shows  that  bodies  there  fall  through  l6*0697 
feet  in  a  second.  The  mean  distance^  of  the  moon  from 
the  earth  is  about  sixty  times  the  mean  radius^  of  the 
earth.  When  the  number  1 6*0697  is  diminidied  in  the 
ratio*  of  1  to  3600,  which  is  the  square  of  the  moon's 
distance  "^  from  the  earth's  centre,  estimated  in  terrestrial 
rftdii,  it  is  found  to  be  exactly  the  space  the  moon  would 
fall  through  in  the  first  second  of  her  descent  to  the  earth, 
were  she  not  prevented  by  the  centrifugal  force  ^  arising 
from  the  velocity  with  which  she  moves  in  her  orbit.  The 
moon  is  thus  retained  in  her  orbit  by  a  force  having  the 
same  origin,  and  regulated  by  the  same  law,  with  that 
yuMah  causes  a  stone  to  fall  at  the  earth's  surfaoe.  The 
earth  may  therefore  be  regarded  as  the  centre  of  a  force 
which  extends  to  the  moon;  and,  as  experience  diiows  that 
die  action  and  redaction  of  matter  are  equal  and  contrary^, 
die  moon  must  attract  the  earth  with  an  equal  and  con- 
trary force. 

Newton  also  ascertained  that  a  body  projected  ^^  in 
space  1^,  will  move  in  a  conic  section  ^2,  if  attracted  by  a 
fcMTce  proceeding  from  a  fixed  point,  with  an  intensity  in<- 
versely  as  the  square  of  the  distance  ^^ ;  but  that  any  .devi- 
ation from  that  law  will  cause  it  to  move  in  a  curve  of  a 
difl^ent  nature.  Kepler  found,  by  direct  observation,  that 
the  planets  describe  ellipses  i^,  or  oval  paths,  round  the 
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8un.  Later  observations  show  that  comets  also  move  in 
conic  sections.  It  consequently  follows^  that  the  sun  at- 
tracts all  the  planets  and  comets  inversely  as  the  square  of 
their  distances  from  his  centre ;  the  sun^  therefore^  is  the 
centre  of  a  force  extending  indefinitely  in  space^  and  in. 
eluding  all  the  bodies  of  the  system  in  its  action. 

Kepler  also  deduced  from  observation,  that  the  squares 
of  the  periodic  times  ^  of  the  planets^  or  the  times  of  their 
revolutions  round  the  sun^  are  proportional  to  the  cubes  of 
their  mean  distances  from  his  centre.^  Hence  the  inten. 
sity  of  gravitation  of  all  the  bodies  towards  the  sun  is  the 
flame  at  equal  distances.  Consequently^  gravitation  is  pro- 
portional to  the  masses^ ;  for^  if  the  planets  and  comets 
were  at  equal  distances  from  the  sun^  and  left  to  the  effects 
of  grarity,  they  would  arrive  at  his  surface  at  the  same 
time.^  The  satellites  also  gravitate  to  their  primaries  ^ 
according  to  the  same  law  that  their  primaries  do  to  the 
son.  ThuSj  by  the  law  of  action  and  re-action^  each  body 
18  itself  the  centre  of  an  attractive  force  extending  indefi- 
nitely in  space^  causing  all  the  mutual  disturbances  which 
render  the  celestial  motions  so  complicated^  and  their  in- 
vestigation 80  difficult. 

The  gravitation  of  matter  directed  to  a  centre^  and  at. 
tracting  directly  as  the  mass^  and  inversely  as  the  square 
of  the  distance^  does  not  belong  to  it  when  considered  in 
mass  only ;  particle  acts  on  particle  according  to  the  same 
law  when  at  sensible  distances  from  each  other.  If  the 
sun  acted  on  the  centre  of  the  earthy  without  attracting 
each,  of  its  particles,  the  tides  would  be  very  much  greater 
than  they  now  are,  and  would  also^  in  other  respects,  be 
▼ery  different.  The  gravitation  of  the  earth  to  the  sun 
results  from  the  gravitation  of  all  its  particles^  which,  in 
ifaeir  turn,  attract  the  sun  in  the  ratio  of  their  respective 

I  Note  25.  2  Note  26,  3  Note  27. 
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masses.  There  is  a  reciprocal  action,  likewise,  between 
the  earth  and  every  particle  at  its  surface.  The  earth  and 
a  feather  mutually  attract  each  other  in  the  proportion  of 
the  mass  of  the  €arth  to  the  mass  of  the  feather.  Were 
this  not  the  case,  and  were  any  portion  of  the  earthy  how- 
ever small,  to  attract  another  portion,  and  not  be  itself  at^* 
tracted,  the  centre  of  gravity  of  the  earth  would  be  moved 
in  space  by  this  action,  which  is  impossible. 

The  forms  of  the  planets  result  from  the  reciprocal  at- 
traction of  their  component  particles.  A  detached  fluid 
mass,  if  at  rest,  would  assume  the  form  of  a  sphere,  firom 
the  reciprocal  attraction  of  its  particles.  But  if  the  mass 
revolve  about  an  axis,  it  becomes  flattened  at  the  poles,  and 
bulges  at  the  equator  i,  in  consequence  of  the  centrifugal 
force  arising  from  the  velocity  of  rotation^  —  for  the  cen- 
trifugal force  diminishes  the  gravity  of  the  particles  at  the 
equator,  and  equilibrium  can  only  exist  where  tliese  two 
forces  are  balanced  by  an  increase  of  gravity.  Therefore, 
as  the  attractive  force  is  the  same  on  all  particles  at  equal 
distances  from  the  centre  of  a  sphere,  the  equatorial  par- 
ticles would  recede  from  the  centre,  till  their  increase  in 
number  balance  the  centrifugal  force  by  their  attraction. 
Consequently,  the  sphere  would  become  an  oblate,  or 
flattened  spheroid ;  and  a  fluid  partially  or  entirely  cover- 
ing a  solid,  as  the  ocean  and  atmosphere  cover  the  earth, 
must  assume  that  form  in  order  to  remain  in  equilibrio. 
The  surface  of  the  sea  is  therefore  spheroidal,  and  the  sur- 
face of  the  earth  only  deviates  from  that  figure  where  it  rises 
above  or  sinks  below  the  level  of  the  sea.  But  the  devia- 
tion is  so  small  that  it  is  unimportant  when  compared 
with  the  magnitude  of  the  earth  ;  for  the  mighty  chain  of 
the  Andes,  and  the  yet  more  lofty  Himalaya,  bear  about 
the  same  proportion  to  the  earth  that  a  grain  of  sand  does 
to  a  globe  three  feet  in  diameter.     Such  is  the  form  of  the 

1  Note  11.  s  Note  aO. 
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earth  and  planets.  The  compression  i  or  flattening  at  their 
poles  is^  however,  so  small,  that  even  Jupiter,  whose  rota- 
tion is  the  most  rapid,  and  therefore  the  most  elliptical  of 
the  planets,  may,  from  his  great  distance,  he  regarded  as 
spherical.  Although  the  planets  attract  each  other  as  if 
they  were  spheres,  on  account  of  their  distances,  yet  the 
satellites  ^  are  near  enough  to  be  sensibly  affected  in  their 
motions  by  the  forms  of  their  primaries.  The  moon,  for 
example,  is  so  near  the  earth,  that  the  reciprocal  attraction 
between  each  of  her  particles,  and  each  of  the  particles  in 
the  prominent  mass  at  the  terrestrial  equator,  occasions 
conraderable  disturbances  in  the  motions  of  both  bodies ; 
for  the  action  of  the  moon  on  the  matter  at  the  earth's 
equator,  produces  a  nutation  ^  in  the  axis^  of  rotation,  and 
the  re-action  of  that  matter  on  the  moon,  is  the  cause  of  a 
corresponding  nutation  in  the  lunar  orbit.^ 

If  a  sphere  at  rest  in  space  receive  an  impulse  passing 
through  its  centre  of  gravity,  all  its  parts  will  move  with 
an  equal  velocity  in  a  straight  line ;  but  if  the  impulse 
does  not  pass  through  the  centre  of  gravity,  its  particles, 
having  unequal  velocities,  will  have  a  rotatory  or  revolving 
motion,  at  the  same  time  that  it  is  translated^  in  space. 
These  motions  are  independent  of  one  another ;  so  that  a 
contrary  impulse,  passing  through  its  centre  of  gravity, 
will  impede  its  progress,  without  interfering  with  its 
rotation.  As  the  sun  rotates  about  an  axis,  it  seems 
probable,  if  an  impulse  in  a  contrary  direction  has  not 
been  given  to  his  centre  of  gravity,  that  he  moves  in  space, 
accompanied  by  all  those  bodies  which  compose  the  solar 
system  —  a  circumstance  which  would  in  no  way  inter- 
fere with  their  relative  motions;  for,  in  consequence  of 
the  principle,  that  force  is  proportional  to  velocity^,  the  re- 

»  Note  31.  »  Note  32.  ■  Note  33. 
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ciprocal  attractions  of  a  system  remain  the  s^oie,  whether 
its  centre  of  gravity  be  at  rest,  or  moving  uniformly  in 
space.  It  is  computed  that,  had  the  earth  received  its 
motion  from  a  single  impulse,  that  impulse  must  have 
passed  through  a  point  about  twenty->five  miles  from  its 
centre. 

Since  the  motions  of  rotation  and  translation  of  the 
planets  are  independent  of  each  other,  though  probably 
communicated  by  the  same  impulsey  they]  form  sepsrate 
subjects  of  investigation. 
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KLLIPTICAL   MOTION.  —  MEAN   AND   TAUE    MOTION.  -~  EQUINOCTIAL. 

ECLIPTIC.  EQUINOXES. MEAN     AND     TRUE    LONGITUDE.  .— 

EQUATION  OF  CENTRE. INCLINATION  OF  THE  ORBITS  OF  PLANETS. 

•—CELESTIAL    LATITUDE.  —  NODES. ELEMENTS    OF  AN   ORBIT.—.- 

UNDISTURBED  OR  ELLIPTICAL  ORBITS.  —  GREAT  INCLINATION  OF 
THE  ORBITS  OF  THE  NEW  PLANETS.  —  UNIVERSAL  GRAVITATION 
THE  CAUSE  OF  PERTURBATIONS  IN  THE  MOTIONS  OF  THE  HEA- 
VENLY  BODIES. PROBLEM    OF  THE   THREE   BODIES.  *«-  STABIUTT 

OF  SOLAR  S7STEM  DEPENDS  UPON  THE  PRIMITIVE  MOMENTUM  OF 
THE   BODIES. 


A  PLANET  moYes  in  its  elliptical  orbit  with  a  velocity  vary- 
ing every  instant^  in  consequence  of  two  forces^  one  tending 
to  the  centre  of  the  sun,  and  the  other  in  the  direction  of  a 
tangent^  to  its  orbit,  arising  from  the  primitive  impulse, 
given  at  the  time  when  it  was  launched  into  space.  Should 
the  force  in  the  tangent  cease,  the  planet  would  fall  to  the 
sun  by  its  gravity.  Were  the  sun  not  to  attract  it^  ^the 
planet  would  fly  off  in  the  tangent.  Thus,  when  the  planet 
is  at  the  point  of  its  orbit  farthest  from  the  sun,  his  action 
overcomes  the  planet's  velocity,  and  brings  it  towards  him 
with  such  an  accelerated  motion,  that  at  last  it  overcomes 
the  sun's  attraction;  and,  shooting  past  him,  gradually 
decreases  in  velocity  until  it  arrives  at  the  most  distant 
point,  where  the  sun's  attraction  again  prevails.^  In  this 
motion  the  radii  vectores^,  or  imaginary  lines  joining  the 
centres  of  the  sun  and  the  planets,  pass  over  equal  areas  or 
spaces  in  equal  times."^ 

The  mean  distance  of  a  planet  from  the  sun  is  equal  to 
half  the  major  axis^  of  its  orbit :  if,  therefore,  the  planet 

>  Note  38.  «  Note  39.  ^  Note  4a  *  Note  41.  »  Note  42. 
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described  a  circle^  round  the  sun  at  its  mean  distance^  the 
motion  would  be  uniform^  and  the  periodic  time  unaltered^ 
because  the  planet  would  arrive  at  the  extremities  of  the 
major  axis  at  the  same  instant,  and  would  have  the  same 
velocity,  whether  it  moved  in  the  circular  or  elliptical  orbit, 
since  the  curves  coincide  in  these  points.     But,  in  every 
other  part,  the  elliptical,  or  true  motion'^,  would  either  be 
faster  or  slower  than  the  circular  or  mean  motion.^     As  it 
is  necessary  to  have  some  fixed  point  in  the  heavens  from 
whence  to  estimate  these  motions,  the  vernal  equinox^  at 
a  given  epoch  has  been  chosen.     The  equinoctial,  which  is 
a  great  circle  traced  in  the  starry  heavens  by  the  imaginary 
extension  of  the  plane  of  the  terrestrial  equator,  is  inter- 
sected by  the  ecliptic,  or  apparent  path  of  the  sun,  in  two 
points  diametrically  opposite  to  one  another,  called  the  ver- 
nal and  autumnal  equinoxes.     The  vernal  equinox  is  the 
{K>int  through  which  the  sun  passes,  in  going  from  the 
southern  to  the  northern  hemisphere ;  and  the  autumnal, 
that  in  which  he  crosses  from  the  northern  to  the  southern. 
The  mean  or  circular  motion  of  a  body,  estimated  from  the 
vernal  equinox,  is  its  mean  longitude;  and  its  elliptical,  or 
true  motion,  reckoned  from  that  point,  is  its  true  longitude^: 
both  being  estimated  from  west  to  east,  the  direction  in^ 
which  the  bodies  move.     The  difference  between  the  two 
is  called  the  equation  of  the  centre^;  which  consequently 
vanishes  at  the  apsides^,  or  extremities  of  the  major  axis, 
and  is  at  its  maximum  ninety  degrees^,  distant  from  these 
points,  or  in  quadratures^,  where  it  measures  the  excen* 
tricity  l^  of  the  orbit ;  so  that  the  place  of  a  planet  in  its 
elliptical  orbit  is  obtained,  by  adding  or  subtracting  the 
equation  of  the  centre  to  or  from  its  mean  longitude. 
The  orbits  of  the  planets  have  a  very  small  obliquity  or 

1  Note  4S.  s  Note  44.  ^  Note  45.  *  Note  46. 
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inclination^  to  the  plane  of  the  ecliptic  in  which  the  earth 
moTes  ;  and  on  that  account^  astronomers  refer  their  mo- 
tions to  this  plane  at  a  given  epoch  as  a  known  and  fixed 
position.    The  angular  distance  of  a  planet  from  the  plane 
of  the  ecliptic  is  its  latitude^;  which  is  south  or  norths 
according  as  the  planet  is  south  or  north  of  that  plane. 
When  the  planet  is  in  the  plane  of  the  ecliptic^  its  latitude 
is  zero :  it  is  then  said  to  he  in  its  nodes.  ^    The  ascending 
node  is  that  point  in  the  ecliptic,  through  which  the  planet 
passes,  in  going  from  the  southern  to  the  northern  hemi- 
sphere.    The  descending  node  is  a  corresponding  point  in 
the  plane  of  the  ecliptic  diametrically  opposite  to  the  other, 
through  which  the  planet  descends  in  going  from  the 
northern  to  the  southern  hemisphere.     The  longitude  and 
latitude  of  a  planet  cannot  be  obtained  by  direct  observation, 
but  are  deduced  from  observations  made  at  the  surface  of 
the  earth,  by  a  very  simple  computation.    These  two  quan- 
tities, however,  will  not  give  the  place  of  a  planet  in  space. 
Its  distance  from  the  sun^  must  also  be  known ;  and,  for 
the  complete  determination  of  its  elliptical  motion,  the  na- 
ture and  position  of  its  orbit  must  be  ascertained  by  ob- 
servation.    This  depends  upon  seven  quantities,  called  the 
elements  of  the  orbit.  ^    These  are,  the  length  of  the  major 
axis,  and  the  excentricity,  which  determine  the  form  of  the 
orbit :  the  longitude  of  the  planet  when  at  its  least  distance 
from  the  sun,  called  the  longitude  of  the  perihelion  ;  the 
inclination  of  the  orbit  to  the  plane  of  the  ecliptic,  and  the 
longitude  of  its  ascending  node ;  these  give  the  position  of 
the  orbit  in  space ;  but  the  periodic  time,  and  the  longitude 
of  the  planet  at  a  given  instant,  called  the  longitude  of  the 
epoch,  are  necessary  for  finding  the  place  of  the  body  in  its 
orbit  at  all  times.    A  perfect  knowledge  of  these  seven  ele- 
ments is  requisite,  for  ascertaining  all  the  circumstances  of 

»  Note  53.  2  Note  54.  *  Note  55. 
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undisturbed  elliptical  motion.  By  such  means  it  is  found, 
that  the  paths  of  the  planets,  wh^i  their  mutual  disturb- 
ances are  omitted,  are  ellipses,  nearly  approaching  to  drdes, 
whose  planes,  slightly  inclined  to  the  ediptic,  cut  it  in 
straight  lines,  passing  through  the  centre  of  the  sun.^  The 
orbits  of  the  recently  discovered  planets  deviate  more  from 
the  ecliptic  than  those  of  the  ancient  planets;  that  of 
Pallas,  for  instance,  has  an  inclination  of  34^  34''  55^^  to 
it ;  on  which  account  it  is  more  difficult  to  determine  their 
motions. 

Were  the  planets  attracted  by  the  sun  only,  they  would 
always  move  in  ellipses,  invariable  in  form  and  position ; 
and  because  his  action  is  proportional  to  his  mass,  which 
is  much  larger  than  that  of  all  the  planets  put  together, 
the  elliptical  is  the  nearest  approximation  to  their  true  mo- 
tions. The  true  motions  of  the  planets  are  extremely 
complicated,  in  consequence  of  their  mutual  attraction ;  so 
that  they  do  not  move  in  any  known  or  symmetrical  curve, 
but  in  paths  now  approaching  to,  now  receding  from,  the 
elliptical  form ;  and  their  radii  vectores  do  not  describe 
areas  or  spaces  exactly  proportional  to  the  time,  so  that 
the  areas  become  a  test  of  disturbing  forces. 

To  determine  the  motion  of  each  body,  when  disturbed 
by  all  the  rest,  is  beyond  the  power  of  analysis.  It  is 
therefore  necessary  to  estimate  the  disturbing  action  of 
one  planet  at  a  time,  whence  the  celebrated  problem  of 
the  three  bodies,  originally  applied  to  the  moon,  the 
earth,  and  the  sun ;  namely,  the  masses  being  given  of 
three  bodies  projected  from  three  given  points,  with  ve- 
locities given  both  in  quantity  and  direction ;  and,  sup- 
posing the  bodies  to  gravitate  to  one  another  with  forces 
that  are  directly  as  their  masses,  and  inversely  as  the 
squares  of  the  distances,  to  find  the  lines  described  by 
these  bodies,  and  their  positions  at  any  given  instant:  or, 

1  Note  58. 
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in  Other  words^  to  determine  the  path  of  a  celestial  body 
when  attracted  by  a  second  body,  and  disturbed  in  its  mo- 
tion round  the  second  body  by  a  third — a  problem  equdly 
applicable  to  planets^  satellites,  and  comets. 

By  this  problem  the  motions  of  translation  of  the  celes^ 
tial  bodies  are  determined.  It  is  an  extremely  difficult 
one^  and  would  be  infinitely  more  so,  if  the  disturbing 
action  were  not  very  small  when  compared  with  the  central 
force ;  that  is,  if  the  action  of  the  planets  on  one  another 
were  not  very  small  when  compared  with  that  of  the  sun. 
As  the  disturbing  influence  of  each  body  may  be  found 
separately,  it  is  assumed  that  the  action  of  the  whole 
system,  in  disturbing  any  one  planet,  is  equal  to  the  sum 
of  all  the  particular  disturbances  it  experiences,  on  the 
general  mechanical  principle,  that  the  sum  of  any  number 
of  small  oscillations  is  nearly  equal  to  their  simultaneous 
and  joint  effect. 

On  account  of  the  reciprocal  action  of  matter,  the  sta- 
bility of  the  system  depends  upon  the  intensity  of  the 
primitive  momentum  ^  of  the  planets,  and  the  ratio  of  their 
masses  to  that  of  the  sun ;  for  the  nature  of  the  conic  sec- 
tions in  which  the  celestial  bodies  move,  depends  upon  the 
velocity  with  which  they  were  first  propelled  in  space. 
Had  that  velocity  been  such  as  to  make  the  planets  move 
in  orbits  of  unstable  equilibrium^,  their  mutual  attractions 
might  have  changed  them  into  parabolas,  or  even  hyper- 
bolas^; so  that  the  earth  and  planets  might,  ages  ago,  have 
been  sweeping  far  from  our  sun  through  the  abyss  of  space. 
But  as  the  orbits  differ  very  little  from  circles,  the  momen- 
tum of  the  planets,  when  projected,  must  have  been  exactly 
sufficient  to  insure  the  permanency  and  stability  of  the 
system.  Besides,  the  mass  of  the  sun  is  vastly  greater  than 
that  of  any  planet ;  and  as  their  inequalities  bear  the  same 
ratio  to  their  elliptical  motions,  that  their  masses  do  to  that 

»  Note  59.  "^  Note  60.  ^  jjotg  22. 
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of  the  suii^  tlieir  mutual  disturbances  only  increase  or 
diminish  the  excentricities  of  their  orbits^  by  very  minute 
quantities ;  consequently  the  magnitude  of  the  sun's  mass 
is  the  principal  pause  of  the  stability  of  the  system.  There 
is  not  in  the  physical  world  a  more  splendid  example  of 
the  adaptation  of  means  to  the  accomplishment  of  an  end^ 
than  is  exhibited  in  the  nice  adjustment  of  these  forces,  at 
once  the  cause  of  the  variety  and  of  the  order  of  Nature, 
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The  planets  are  subject  to  disturbances  of  two  kinds^  both 
resulting  from  the  constant  operation  of  their  reciprocal 
attraction  :  one  kind,  depending  upon  their  positions  with 
regard  to  each  other,  begins  from  zero,  increases  to  a 
maximum,  decreases  and  becomes  zero  again,  when  the 
planets  return  to  the  same  relative  positions.  In  conse- 
quence of  these,  the  disturbed  planet  is  sometimes  drawn 
away  from  the  sun,  sometimes  brought  nearer  to  him  : 
sometimes  it  is  accelerated  in  its  motion,  and  sometimes 
retarded.  At  one  time  it  is  drawn  above  the  plane  of 
its  orbit,  at  another  time  below  it,  according  to  the  posi- 
tion of  the  disturbing  body.  All  such  changes,  being 
accomplished  in  short  periods,  some  in  a  few  months, 
others  in  years,  or  in  hundreds  of  years,  are  denominated 
periodic  inequalities.  The  inequalities  of  the  other  kind, 
though  occasioned  likewise  by  the  disturbing  energy  of  the 
planets,  are  entirely  independent  of  their  relative  positions. 
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They  depend  upon  the  relative  positions  of  the  orbits  alone^ 
whose  forms  and  places  in  space,  are  altered  by  very  minute 
quantities,  in  immense  periods  of  time,  and  are,  therefore, 
called  secular  inequalities. 

The  periodical  perturbations  are  compensated,  when  the 
bodies  return  to  the  same  relative  positions  with  regard  to 
one  another  and  to  the  sun:  the  secular  inequalities  are 
compensated,  when  the  orbits  return  to  the  same  positions 
relatively  to  one  another,  and  to  the  plane  of  the  ediptic 

Planetary  motion,  including  both  these  kinds  of  disturb- 
ance, may  be  represented  by  a  body  revolving  in  an  ellipse, 
and  making  small  and  transient  deviations,  now  on  one  side 
of  its  path,  and  now  on  the  other,  whilst  the  ellipse  itself  is 
slowly,  but  perpetually  changing  both  in  form  and  position. 

The  periodic  inequalities  are  merely*  transient  deviations 
of  a  planet  from  its  path,  the  most  remarkable  of  which 
only  lasts  about  918  years ;  but,  in  consequence  of  -the 
secular  disturbances,  the  apsides,  or  extremities  of  the 
major  axes  of  all  the  orbits,  have  a  direct  but  variable 
motion  in  space,  excepting  those  of  the  orbit  of  Venus, 
which  are  retrograde  i,  and  the  lines  of  the  nodes  move 
with  a  variable  velocity  in  a  contrary  direction.  Besides 
these,  the  inclination  and  excentridty  of  every  orbit  are 
in  a  state  of  perpetual  but  slow  change.  These  effects 
result  from  the  disturbing  action  of  all  the  planets  on 
each.  But  as  it  is  only  necessary  to  estimate  the  disturb- 
ing influence  of  one  body  at  a  time,  what  follows  may 
convey  some  idea  of  the  manner  in  which  one  planet  dis- 
turbs the  elliptical  motion  of  another. 

Suppose  two  planets  moving  in  ellipses  round  the 
sun ;  if  one  of  them  attracted  the  other  and  the  sun  with 
equal  intensity,  and  in  parallel  directions^,  it  would  have 
no  effect  in  disturbing  the  elliptical  motion.  The  ine- 
quality of  this  attraction  is  the  sole  cause  of  perturbation^ 

1  Note  61.  3  Note  62.. 
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and  the  difierenoe  between  the  disturbing  planet's  action 
on  the  sun  and  on  the  disturbed  planet  constitutes  the 
disturlmig  force,  which  consequendy  yaries  ip  intensity 
and  direction  with  every  change  in  the  relative  positions 
of  the  three  bodies.  Although  both  the  sun  and  planet 
are  under  the  influence  of  the  disturbing  force^  the  motion 
of  the  disturbed  planet  is  referred  to  the  centre  of  the  sun 
as  a  fixed  point,  for  convenience.  The  whole  force  ^  which 
disturbs  a  planet,  is  equivalent  to  three  partial  forces.  One 
of  these  acts  on  the  disturbed  planet,  in  the  direction  of  a 
tangent  to  its  orbit,  and  is  called  the  tangential  force :  it 
occasions  secular  inequalities  in  the  form  and  position  of 
the  orfait  in  its  own  plane,  and  is  the  sole  cause  of  the 
periodical  perturbations  in  the  planet's  longitude.  An- 
other acts  upon  the  same  body  in  the  direction  of  its 
radius  vectcnr,  that  is,  in  the  line  joining  the  centres  of  the 
sun  and  planet,  and  is  called  the  radial  force :  it  produces 
periodical  changes  in  the  distance  of  the  planet  from  the  sun, 
and  affects  the  form  and  position  of  the  orbit  in  its  own 
plane.  The  third,  which  may  be  called  the  perpendicular 
force,  acts  at  right  angles  to  the  plane  of  the  orbit^  occa- 
sions the  periodic  inequalities  in  the  planet's  latitude,  and 
affects  the  position  of  the  orbit  with  regard  to  the  plane  of 
the  ediptic. 

It  has  been  observed,  that  the  radius  vector  of  a  planet 
moving  in  a  perfectly  elliptical  orbit,  passes  over  equal 
spaces  or  areas  in  equal  times ;  a  circumstance  which  is 
independent  of  the  law  of  the  force,  and  would  be  the 
same  whether  it  varied  inversely  as  the  square  of  the 
distance,  or  not,  provided  only  that  it  be  directed  to  the 
centre  of  the  sun.  Hence  the  tangential  force,  not  ^being 
directed  to  the  centre,  occasions  an  unequable  description 
of  areas,  or,  what  is  the  same  thing,  it  disturbs  the  motion 
of  the  planet  in  longitude.     The  tangential  force  some- 

•  Note  63. 
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times  accelerates  the  planet's  motion^  sometimes  retards  it, 
and  occasionally  has  no  effect  at  all.  Were  the  orbits  of 
both  planets  circular^  a  complete  compensation  would  take 
place  at  each  revolution  of  the  two  planets^  because  the 
arcs  in  which  the  accelerations  and  retardations  take 
place,  would  be  symmetrical  on  each  side  of  the  dis- 
turbing force.  For  it  is  clear^  that  if  the  motion  be  ac- 
celerated through  a  certain  space^  and  then  retarded  through 
as  much^  the  motion  at  the  end  of  the  time  will  be  the 
same  as  if  no  change  had  taken  place.  But^  as  the  orbits 
of  the  planets  are  ellipses,  this  symmetry  does  not  hold : 
for,  as  the  planet  moves  unequably  in  its  orbit,  it  is  in 
some  positions  more  directly,  and  for  a  longer  time,  under 
the  influence  of  the  disturbing  force  than  in  others.  And 
although  multitudes  of  variations  do  compensate  each  other 
In  short  periods,  there  are  others,  depending  on  peculiar 
relations  among  the  periodic  times  of  the  planets,  which  do 
not  compensate  each  other  till  after  one,  or  even  till  after 
many  revolutions  of  both  bodies.  A  periodical  inequality  of 
this  kind  in  the  motions  of  Jupiter  and  Saturn,  has  a  period 
of  no  less  than  918  years. 

The  radial  force,  or  that  part  of  the  disturbing  force 
which  acts  in  the  direction  of  the  line  joining  the  centres 
of  the  sun  and  disturbed  planet,  has  no  effect  on  the  areas, 
but  is  the  cause  of  periodical  changes  of  small  extent  in 
the  distance  of  the  planet  from  the  sun.  It  has  already 
been  shown,  that  the  force  producing  perfectly  elliptical 
motion  varies  inversely  as  the  square  of  the  distance,  and 
that  a  force  following  any  other  law,  would  cause  the 
body  to  move  in  a  curve  of  a  very  different  kind.  Now, 
the  radial  disturbing  force  varies  directly  as  the  distance ; 
and,  as  it  sometimes  combines  with,  and  increases  the 
intensity  of  the  sun's  attraction  for  the  disturbed  body, 
and  at  other  times  opposes  and  consequently  diminishes  it, 
in  both  cases  it  causes  the  eun's  altiatilvoik  1q  deviate  from 
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the  exact  law  of  gravity^  and  the  whole  action  of  this  com- 
pound central  force  on  the  disturbed  body,  is  either  greater 
or  less  than  what  is  requisite  for  perfectly  elliptical  mo- 
tion. When  greater^  the  curvature  of  the  disturbed  planet's 
path  on  leaving  its  perihelion  ^^  or  point  nearest  the  sun^ 
is  greater  than  it  would  be  in  the  ellipse^  which  brings  the 
planet  to  its  aphelion  ^^  or  point  farthest  from  the  sun^ 
before  it  has  passed  through  180^^  as  it  would  do  if  un. 
disturbed.  So  that  in  this  case  the  apsides^  or  extre- 
mities of  the  major  axis^  advance  in  space.  When  the 
central  force  is  less  than  the  law  of  gravity  requires^  the 
curvature  of  the  planet's  path  is  less  than  the  curvature  of 
the  ellipse.  So  that  the  planet  on  leaving  its  perihelion^ 
would  pass  through  more  than  180°  before  arriving  at  its 
aphelion^  which  causes  the  apsides  to  recede  in  space.^ 
Cases  both  of  advance  and  recess  occur  during  a  revolution 
of  the  two  planets ;  but  those  in  which  the  apsides  ad- 
vance^ preponderate.  This,  however,  is  not  the  full  amount 
of  the  motion  of  the  apsides ;  part  arises  also,  from  the 
tangential  force  ^,  which  alternately  accelerates  and  retards 
the  velocity  of  the  disturbed  planet.  An  increase  in  the 
planet's  tangential  velocity  diminishes  the  curvature  of  its 
orbit,  and  is  equivalent  to  a  decrease  of  central  force.  On 
the  contrary,  a  decrease  of  the  tangential  velocity  which 
increases  the  curvature  of  the  orbit,  is  equivalent  to  an  in- 
crease of  central  force.  These  fluctuations,  owing  to  the 
tangential  force,  occasion  an  alternate  recess  and  advance 
of  the  apsides,  after  the  manner  already  explained.^  An 
uncompensated  portion  of  the  direct  motion  arising  from 
this  cause,  conspires  with  that  already  impressed  by  the 
radial  force,  and  in  some  cases,  even  nearly  doubles  the 
direct  motion  of  these  points.  The  motion  of  the  apsides 
may  be  represented,  by  supposing  a  planet  to  move  in  an 
ellipse,  while  the  ellipse  itself  is  slowly  revolving  at\iO\vX.  \)cv^ 
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sun  in  the  same  plane.  ^  This  motion  of  the  major  axis^ 
which  is  direct  in  all  the  orhits  except  that  of  the  planet 
Venus^  is  irregular,  and  so  slow^  that  it  requires  more  than 
109,S30  years,  for  the  major  axis  of  the  earth's  orbit^  to 
accomplish  a  sidereal  revolution^,  that  is^  to  return  to  the 
same  stars ;  and  20,984!  years  to  complete  its  tropical  re- 
volution ^^  or  to  return  to  the  same  equinox.  The  differ- 
ence between  these  two  periods  arises  from  a  retrograde 
motion  in  the  equinoctial  point,  which  meets  the  advancing 
axis^  before  it  has  completed  its  revolution  with  r^ard  to  the 
stars.  The  major  axis  of  Jupiter's  orbit  requires  no  less 
than  200,610  years  to  perform  its  sidereal  revolution^  and 
22,7^8  years  to  accomplish  its  tropical  revolution  from  the 
disturbing  action  of  Saturn  alone. 

A  variation  in  the  excentricity  of  the  disturbed  planet's 
orbit,  is  an  immediate  consequence  of  the  deviation  irom 
elliptical  curvature,  caused  by  the  action  of  the  disturbing 
force.  When  the  path  of  the  body,  in  proceeding  from 
its  perihelion  to  its  aphelion,  is  more  curved  than  it  ought 
to  be  from  the  effect  of  the  disturbing  forces,  it  falls 
within  the  elliptical  orbit,  the  excentricity  is  diminished, 
and  the  orbit  becomes  more  nearly  circular;  when  that 
curvature  is  less  than  it  ought  to  be,  the  path  of  the  planet 
falls  without  its  elliptical  orbit  ^,  and  the  excentricity 
is  increased;  during  these  changes,  the  length  of  the 
major  axis  is  not  altered,  the  orbit  only  bulges  out,  or 
becomes  more  flat.^  Thus  the  variation  in  the  excentri- 
city arises  from  the  same  cause  that  occasions  the  motion 
of  the  apsides.^  There  is  an  inseparable  connection  be- 
tween these  two  elements :  they  vary  simidtaneously,  and 
have  the  same  period ;  so  that  whilst  the  major  axis  re- 
volves in  an  immense  period  of  time,  the  excentricity 
increases  and  decreases  by  very  small  quantities,  and  at 
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length  returns  to  it^  original  magnitude  at  each  revolution  of 
the  apsides.  The  terrestrial  excentricity  is  decreasing  at  the 
rate  of  ahout  40  miles  annually ;  and,  if  it  were  to  decrease 
equably,  it  would  be  39^861  years  before  the  earth  s  orbit 
became  a  circle.  The  mutual  action  of  Jupiter  and  Sa- 
turn occasions  yariations  in  the  excentri<:ity  of  both  orbits, 
the  greatest  excentricity  of  Jupiter's  orbit  corresponding  to 
the  least  of  Saturn's.  The  period  in  which  these  vicis- 
situdes are  accomplished  is  70,414  years,  estimating  the 
action  of  these  two  planets  alone ;  but  if  the  action  of  all 
the  planets  were  estimated,  the  cycle  would  extend  to  mil- 
lions of  years. 

Th^t  part  of  the  disturbing  force  is  now  to  be  considered 
which  acts  perpendicularly  to  the  plane  of  the  orbit,  causr 
ing  periodic  perturbations  in  latitude,  secular  variations  in 
the  inclination  of  the  orbit,  and  a  retrograde  motion  to  its 
nodes  on  the  true  plane  of  the  ecliptic.^  This  force  tends 
to  pull  the  disturbed  body  above,  or  push  2  it  below  the 
plane  of  its  orUt,  according  to  the  relative  positions  of  the 
two  planets  with  regard  to  the  sun,  considered  to  be  fixed. 
By  this  action,  it  sometimes  makes  the  plane  of  the  orbit 
of  the  disturbed  body  tend  to  coincide  with  the  plane  of 
the  ecliptic,  and  sometimes  increases  its  inclination  to  that 
plane.  In  consequence  of  which,  its  nodes  alternately  re- 
cede or  advance  on  the  ecliptic.^  When  the  disturbing 
planet  is  in  the  line  of  the  disturbed  planet's  nodes'*,  it; 
neither  affects  these  points,  the  latitude,  nor  the  inclin- 
ation, because  both  planets  are  then  in  the  same  plane. 
WTien  it  is  at  right  angles  to  the  line  of  the  nodes,  and 
the  orbit  symmetrical  on  each  side  of  the  disturbing  force, 
the  average  motion  of  these  points,  after  a  revolution  of  the 
disturbed  body,  is  retrograde,  and  comparatively  rapid ; 
but  when  the  disturbing  planet  is  so  situated  that  the  orbit 
of  the  disturbed  j^net  is  not  symmetrical  on  each  side  of 
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the  disturbing  foi'ce,  which  is  most  frequently  the  case^ 
every  possible  variety  of  action  takes  place.  Consequently^ 
the  nodes  are  perpetually  advancing  or  receding  with  un- 
equal velocity ;  but,  as  a  compensation  is  not  effected^  their 
motion  is^  on  the  whole^  retrograde. 

With  regard  to  the  variations  in  the  inclination^  it  is 
clear,  that,  when  the  orbit  is  symmetrical  on  each  side  of 
the  disturbing  force,  all  its  variations  are  compensated  after 
a  revolution  of  the  disturbed  body,  and  are  merely  period- 
ical perturbations  in  the  planet's  latitude;  and  no  secular 
change  is  induced  in  the  inclination  of  the  orbit.  When, 
on  the  contrary,  that  orbit  is  not  symmetrical  on  each  side 
of  the  disturbing  force,  although  many  of  the  variations  in 
latitude  are  transient  or  periodical^  still,  after  a  complete 
revolution  of  the  disturbed  body,  a  portion  remains  uncom- 
pensated, which  forms  a  secular  change  in  the  inclination 
of  the  orbit  to  the  plane  of  the  ecliptic.  It  is  true,  part 
of  this  secular  change  in  the  inclination  is  compensated  by 
the  revolution  of  the  disturbing  body,  whose  motion  has  not 
hitherto  been  taken  into  the  account,  so  that  perturbation 
compensates  perturbation ;  but  still,  a  comparatively  per^ 
manent  change  is  effected  in  the  inclination,  which  is  not 
compensated  till  the  nodes  have  accomplished  a  complete 
revolution. 

The  changes  in  the  inclination  are  extremely  minute', 
compared  with  the  motion  of  the  nodes,  and  there  is  the 
same  kind  of  inseparable  connection  between  their  secular 
changes  that  there  is  between  the  variation  of  the  excen- 
tricity  and  the  motion  of  the  msgor  axis.  The  nodes 
and  inclinations  vary  simultaneously,  their  periods  are  the 
same,  and  very  great.  The  nodes  of  Jupiter's  orbit,  from 
the  action  of  Saturn  alone,  require  36,26l  years  to  accom-^ 
plish  even  a  tropical  revolution.  In  what  precedes,  the 
influence  of  only  one  disturbing  body  has  been  considered  ; 

»  Note  75. 
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but  when  the  action  and  re-action  of  the  whole  system  is 
taken  into  account^  every  planet  is  acted  upon^  and  does 
itself  act,  in  this  manner^  on  all  the  others ;  and  the  joint 
effect  keeps  the  inclinations  and  excentricities  in  a  state  of 
perpetual  variation.  It  makes  the  major  axes  of  all  the 
orbits  continually  revolve^  and  causes^  on  an  average^  a  re- 
trograde motion  of  the  nodes  of  each  orbit  upon  every  other. 
The  ecliptic^  itself  is  in  motion  from  the  mutual  action  of 
the  earth  and  planets^  so  that  the  whole  is  a  compound 
phenomenon  of  great  complexity^  extending  through  un- 
known ages.  At  the  present  time^  the  inclinations  of  all 
the  orbits  are  decreasing^  but  so  slowly^  that  the  inclination 
of  Jupiter's  orbit  is  only  about  six  minutes  less  than  it  was 
in  the  age  of  Ptolemy. 

But^  in  the  midst  of  all  these  vicissitudes^  the  length  of 
the  migor  axes  and  the  mean  motions  of  the  planets  remain 
permanently  independent  of  secidar  changes.  They  are 
80  connected  by  Kepler's  law,  of  the  squares  of  the  periodic 
times  being  proportional  to  the  cubes  of  the  mean  distances 
of  the  planets  from  the  sun,  that  one  cannot  vary  without 
a£Pecting  the  other.  And  it  is  proved,  that  any  variations 
which  do  take  place  are  transient,  and  depend  only  on 
the  relative  positions  of  the  bodies. 

It  is  true  that,  according  to  theory,  the  radial  disturbing 
force  shoidd  permanently  alter  the  dimensions  of  all  the 
orbits,  and  the  periodic  times  of  all  the  planets,  to  a  cer- 
tain degree.  For  example,  the  masses  of  all  the  planets 
revolving  within  the  orbit  of  any  one,  such  as  Mars,  by 
adding  to  the  interior  mass,  increase  the  attracting  force  of 
the  sun,  which,  therefore,  must  contract  the  dimensions  of 
die  orbit  of  that  planet,  and  diminish  its  periodic  time ; 
whilst  the  planets  exterior  to  Mars's  orbit  must  have  the 
contrary  effect.  But  the  mass  of  the  whole  of  the  planets 
and  satellites  taken  together  is  so  small,  when  compared 
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with  that  of  the  sun^  that  these  effects  are  quite  insensible, 
and  could  only  have  been  discovered  by  theory.  And>  1^9 
it  is  certain  that  the  length  of  the  major  axes  and  the  mean 
motions  are  not  permanendy  changed  by  any  other  power 
whatever^  it  may  be  concluded  that  they  are  invariable. 

With  the  exception  of  these  two  elements^  it  appears 
that  all  the  bodies  are  in  motion^  and  every  orbit  in  a  state 
of  perpetual  change.  Minute  as  these  changes  are,  they 
might  be  supposed  to  accumulate  in  the  course  of  ages, 
sufficiently  to  derange  the  whole  order  of  nature,  to  alter 
the  relative  positions  of  the  planets,  to  put  an  end  to  the 
vicissitudes  of  the  seasons,  and  to  bring  about  collisions 
which  would  involve  our  whole  system,  now  so  harmo- 
nious, in  chaotic  confusion.  It  is  natural  to  inquire,  what 
proof  exists  that  nature  will  be  preserved  from  such  a  catas- 
trophe ?  Nothing  can  be  known  from  observation,  since 
the  existence  of  the  human  race  has  occupied  comparatively 
but  a  point  in  duration,  while  these  vicissitudes  embrace 
myriads  of  ages.  The  proof  is  simple  and  conclusive. 
All  the  variations  of  the  solar  system,  secular  as  well  as 
periodic,  are  expressed  analytically  by  the  sines  and  cosines 
of  circular  arcs^,  which  increase  with  the  time ;  and,  as 
a  sine  or  cosine  can  never  exceed  the  radius,  but  must 
oscillate  between  zero  and  unity,  however  much  the  time 
may  increase,  it  follows  that,  when  the  variations  have  ac- 
cumulated to  a  maximum,  by  slow  changes,  in  however 
long  a  time,  they  decrease,  by  the  same  slow  degrees,  till 
they  arrive  at  their  smallest  value,  again  to  begin  a  new 
course  ;  thus  for  ever  oscillating  about  a  mean  value. 
This  circumstance,  however,  would  be  insufficient  were  it 
not  for  the  small  excentricities  of  the  planetary  orbits,  their 
minute  inclinations  to  the  plane  of  the  ecliptic,  and  the 
revolutions  of  all  the  bodies,  as  well  planets  as  satellites  in 
the  same  direction.     These  secure  the  perpetual  stability 
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of  the  solar  system. '  The  equilibrium,  however,  would  be 
deranged,  if  the  planets  moved  in  a  resisting  medium  ^  suf- 
ficiently dense  to  diminish  their  tangential  velocity,  for 
then  both  the  excentricities  and  the  major  axes  of  the 
orbits  would  vary  with  the  time,  so  that  the  stability  of  the 
system  would  be  ultimately  destroyed.  The  existence  of 
an  ethereal  fluid  is  now  proved ;  and,  although  it  is  so  ex- 
tremely rare  that  hitherto  its  effects  on  the  motions  of  the 
planets  have  been  altogether  insensible,  there  can  be  no 
doubt,  that,  in  the  immensity  of  time,  it  will  modify  the 
forms  of  the  planetary  orbits,  and  may  at  last  even  cause 
the  destruction  of  our  system,  which  in  itself  cpntains  no 
principle  of  decay,  unless  a  rotatory  motion  from  west  to 
east  has  been  given  to  this  fluid  by  the  bodies  of  the  solar 
system,  which  have  all  been  revolving  about  the  sun  in  that 
direction  for  unknown  ages.  This  rotation,  which  seems 
to  be  highly  probable,  may  even  have  been  coeval  with  itd 
creation.  Such  a  vortex  would  have  no  effect  on  bodies 
moving  with  it,  but  it  would  influence  the  motions  of  those 
revolving  in  a  contrary  direction.  It  is  possible  that  the 
disturbances  experienced  by  comets  which  have  already 
revealed  the  existence  of  this  fluid,  may  also,  in  time,  dis- 
close its  rotatory  motion. 

The  form  and  position  of  the  planetary  orbits,  and  the 
motion  of  the  bodies  in  the  same  direction,  together  with 
the  periodicity  of  the  terms  in  which  the  inequalities  are 
expressed,  assure  us  that  the  variations  of  the  system  are 
confined  within  very  narrow  limits,  and  that  although  we 
do  not  know  the  extent  of  the  hmits,  nor  the  period  of 
that  grand  cycle  which  probably  embraces  millions  of  years, 
yet  they  never  will  exceed  what  is  requisite  for  the  stability 
and  harmony  of  the  whole,  for  the  preservation  of  which 
every  circumstance  is  so  beautifully  and  wonderfully 
adapted. 
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The  plane  of  the  ecliptic  itself^  though  assumed  to  be 
fixed  at  a  given  epoch  for  the  convenience  of  astronomical 
computation^  is  subject  to  a  minute  secular  variation  of 
4t5^y'y  occasioned  by  the  reciprocal  action  of  the  planets. 
But^  as  this  is  also  periodical^  and  cannot  exceed  9?  4i2\ 
the  terrestrial  equator^  which  is  inclined  to  it  at  an  angle  of 
2S°  27'  37''  89,  will  never  coincide  with  the  plane  of  the 
ecliptic :  so  there  never  can  be  perpetual  spring .  ^  The 
rotation  of  the  earth  is  uniform;  therefore  day  and  nighty 
summer  and  winter^  will  continue  their  vicissitudes  while 
the  system  endures,  or  is  undisturbed  by  foreign  causes. 

Yonder  starry  sphere 
Of  planets  and  of  fix'd,  in  all  her  wheels 
Resembles  nearest  mazes  intricate, 
Eccentric,  intervolved,  yet  regular. 
Then  most,  when  most  irregular  they  seem. 

The  Stability  of  our  system  was  established  by  La 
Grange:  "a  discovery,"  says  Professor  Play  fair,  *^that 
must  render  the  name  for  ever  memorable  in  science,  and 
revered  by  those  who  delight  in  the  contemplation  of  what- 
ever is  excellent  and  sublime."  After  Newton's  discovery 
of  the  mechanical  laws  of  the  elliptical  orbits  of  the  planets. 
La  Grange's  discovery  of  their  periodical  inequalities  is, 
without  doubt,  the  noblest  truth  in  physical  astronomy ; 
and,  in  respect  of  the  doctrine  of  final  causes,  it  may  be 
regarded  as  the  greatest  of  all. 

Notwithstanding  the  permanency  of  our  system,  the 
secular  variations  in  the  planetary  orbits  would  have  been 
extremely  embarrassing  to  astronomers  when  it  became 
necessary  to  compare  observations  separated  by  long  periods. 
The  diflSculty  was  in  part  obviated,  and  the  principle  for 
accomplishing  it  established  by  La  Place,  and  has  since 
been  extended  by  M.  Poinsot.  It  appears  that  there  exists 
an  invariable  plane 2,  passing  through  the  centre  of  gravity 
of  the  system,  about  which  the  whole  oscillates  within  very 

»  Note  79.  2  Note  80. 
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narrow  limits,  and  that  this  plane  will  always  remain  pa- 
rallel to  itself^  whatever  changes  time  may  induce  in  the 
orbits  of  the  planets^  in  the  plane  of  the  elliptic^  or  even  in 
the  law  of  gravitation  ;  provided  only  that  our  system  re- 
mains unconnected  with  any  other.     The  position  of  the 
plane  is  determined  by  this  property — that^  if  each  particle 
in  the  system  be  multiplied  by  the  area  described  upon  this 
plan  in  a  given  time^  by  the  projection  of  its  radius  vector 
about  the  common  centre  of  gravity  of  the  whole^  the  sum 
of  all  these  products  will  be  a  maximum.^    La  Place  found 
that  the  plane  in  question  is  inclined  to  the  ecliptic  at  an 
angle  of  nearly  1°  34'  15",    and  that,  in  passing  through 
the  sun,  and  about  midway  between  the  orbits  of  Jupiter 
and  Saturn,  it  may  be  regarded  as  the  equator  of  the  solar 
system,  dividing  it  into  two  parts,  which  balance  one  an- 
other in  all  their  motions.     This  plane  of  greatest  inertia, 
by  no  means  peculiar  to  the  solar  system, .  but  existing  in 
every  system  of  bodies  submitted  to  their  mutual  attrac- 
tions only,  always  maintains  a  fixed  position,  whence  the 
oscillations  of  the  system  may  be  estimated  through  un- 
limited time.     Future  astronomers  will  know,  from  its  im- 
mutability or  variation,  whether  the  sun  and  his  attendants 
are  connected  or  not  with  the  other  systems  of  the  universe. 
Should  there  be  no  link  between    them,  it   may  be  in- 
ferred, from  the  rotation  of  the  sun,  that  the  centre  of 
gravity^  of  the  system  situate  within  his  mass  describes  a 
straight  line  in  this  invariable  plane  or  great  equator  of  the 
solar  system,  which,  unaffected  by  the  changes  of  time,  will 
maintain  its  stability  through  endless  ages.     But,  if  the 
fixed  stars,  comets,  or  any  unknown  and  unseen  bodies, 
affect  our  sun  and  planets,  the  nodes  of  this  plane  will 
slowly  recede  on  the  plane  of  that  immense  orbit  which  the 
sun  may  describe  about  some  most  distant  centre,  in  a  period 
which  it  transcends    the   powers   of   man  to  determine. 

»  Note  81.  2  Note  82. 
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There  is  every  reason  to  believe  that  this  is  the  case  ;  for  it 
is  more  than  probable  that,  remote  as  the  fixed  stars  are> 
they  in  some  degree  influence  our  system^  jand  that  even 
the  invariability  of  this  plane  is  relative^  only  appearing 
fixed  to  creatures  incapable  of  estimating  its  minute  and 
slow  changes  during  the  smaU  extent  of  time  and  space 
granted  to  the  human  race.  ^'  The  developement  of  such 
changes,"  as  M.  Poinsot  justly  observes,  "  is  similar  to  an 
enormous  curve,  of  which  we  see  so  small  an  arc,  that  we 
imagine  it  to  be  a  straight  Une."  If  we  raise  our  views  to 
the  whole  extent  of  the  universe,  and  consider  the  stars, 
together  with  the  sun^  to  be  wandering  bodies,  revolving 
about  the  common  centre  of  creation^  we  may  then  rec<^- 
nise  in  the  equatorial  plane  passing  through  the  centre  of 
gravity  of  the  universe  the  only  instance  of  absolute  and 
eternal  repose. 

All  the  periodic  and  secular  inequalities  deduced  from 
the  law  of  gravitation,  are  so  perfectly  confirmed  by  ob- 
servation^ that  analysis  has  become  one  of  the  most  certain 
means  of  discovering  the  planetary  irregularities,  either 
when  they  are  too  small,  or  too  long  in  their  periods  to  be 
detected  by  other  methods.  Jupiter  and  Saturn,  however, 
exhibit  inequalities  which  for  a  long  time  seemed  discord- 
ant with  that  law.  All  observations,  from  those  of  the 
Chinese  and  Arabs  down  to  the  present  day,  prove  that 
for  ages  the  mean  motions  of  Jupiter  and  Saturn  have  been 
affected  by  a  great  inequality  of  a  very  long  period,  form- 
ing an  apparent  anomaly  in  the  theory  of  the  planets.  It 
was  long  known  by  observation  that  five  times  the  mean 
motion  of  Saturn  is  nearly  equal  to  twice  that  of  Jupiter  ; 
a  relation  which  the  sagacity  of  La  Place  perceived  to  be 
the  cause  of  a  periodic  irregularity  in  the  mean  motion  of 
each  of  these  planets,  which  completes  its  period  in  nearly 
918  years,  the  one  being  retarded  while  the  other  is  ao^ 
celerated;    but  both  the  magnitude  and  period  of  these 
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quantities  vary^  in  consequence  of  the  secular  variations  in 
the  elements  of  the  orbits.     Suppose  the  two  planets  to  be 
on  the  same  side  of  the  sun^  and  all  three  in  the  same 
straight  line^  they  are  then  said  to  be  in  conjunction.^ 
Now,  if  they  begin  to  move  at  the  same  time,  one  making 
exactly  fi\e  revolutions  in  its  orbit^  while  the  other  only 
accomplishes  two^  it  is  clear  that  Saturn^  the  slow  moving 
body,  will  only  have  got  through  a  part  of  its  orbit  during 
the  time  that  Jupiter  has  made  one  whole  revolution,  and 
part  of  another,  before  they  be  again  in  conjunction.     It 
is  found  that  during  this  time  their  mutual  action  is  such 
as  to  produce  a  great  many  perturbations  which  compensate 
each  other,  but  that  there  still  remains  a  portion  outstand-- 
ing,  owing  to  the  length  of  time  during  which  the  forces 
act  in  the  same  manner ;  and  if  the  conjunction  always 
happened  in  the  same  point  of  the  orbit,  thus  uncompen- 
sated inequality  in  the  mean  motion,  would  go  on  increas. 
ing  till  the  periodic  times  and  forms  of  the  orbits  were 
completely  and  permanently  changed  :  a  case  that  would 
actually  take   place  if  Jupiter  accomplished  exactly  five 
revolutions  in  the  time  Saturn  performed  two.     These  re- 
volutions are,  however,  not  exactly  commensurable  ;  the 
points  in  which  the  conjunctions  take  place  are  in  advance 
each  time  as  much  as  8^*37  ;  so  that  the  conjunctions  do 
not  happen  exactly  in  the  same  points  of  the  orbits  till 
after  a  period  of  850  years ;  and,  in  consequence  of  this 
small  advance,  the  planets  are  brought  into  such  relative 
positions,  that  the  inequality,  which  seemed  to  threaten  the 
stability  of  the  system,  is  completely  compensated,  and  the 
bodies,  having  returned  to  the  same  relative  positions  with 
regard  to  one  another  and  the  sun,  begin  a  new  course. 
The  secular  variations  in  the  elements  of  the  orbit  increase 
the  period  of  the  inequality  to  918  years.2     As  any  per- 
turbation which  affects  the  mean  motion  affects  also  the 
»  Note  83.  2  Note  W. 
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major  axis^  the  disturbing  forces  tend  to  diminish  the  major 
axis  of  Jupiter's  orbit^  and  increase  that  of  Saturn's  during 
one  half  of  the  period^  and  the  contrary  during  the  other 
half.  This  inequality  is  strictly  periodical^  since  it  depends 
upon  the  configuration  ^  of  the  two  planets ;  and  theory  is 
confirmed  by  observation^  which  shows  that^  in  the  course 
of  twenty  centuries^  Jupiter  s  mean  motion  has  been  ac- 
celerated by  about  3°  23',  and  Saturn's  retarded  by  5°  1 3'. 
Several  instances  of  perturbations  of  this  kind  occur  in  the 
solar  system.  One,  in  the  mean  motions  of  the  Earth  and 
Venus  only  amounting  to  a  few  seconds^  has  been  recently 
worked  out  with  immense  labour  by  Professor  Airy.  It 
accomplishes  its  changes  in  24>0  years,  and  arises  from  the 
circumstance  of  thirteen  times  the  periodic  time  of  Venus 
being  nearly  equal  to  eight  times  that  of  the  earth.  Small 
as  it  is^  it  is  sensible  in  the  motions  of  the  earth. 

It  might  be  imagined  that  the  reciprocal  action  of  such 
planets  as  have  satellites  would  be  different  from  the  in- 
fluence of  those  that  have  none.  But  the  distances  of  the 
satellites  from  their  primaries  are  incomparably  less  than 
the  distances  of  the  planets  from  the  sun,  and  from  one 
another.  So  that  the  system  of  a  planet  and  its  satellites, 
moves  nearly  as  if  all  these  bodies  were  united  in  their 
common  centre  of  gravity.  The  action  of  the  sun,  how- 
ever, in  some  degree  disturbs  the  motion  of  the  satellites 
about  their  primary. 

J  Note  85. 


SBCT.  lY.      .  TBLBORV  OF   JUPITER's  SATELLITES.  33 


SECTION  IV. 

YHXORT    OF   JUPITSR*8    SATELLITES.  •—  EFFECTS   OF    THE    FIGURE    OF 

jrUPITXR     DPOK     HIS    SATELLITES. POSITION    OF    THEIR    ORBITS. 

—SINGULAR    LAWS    AMONG    THE    MOTIONS    OF    THE    FIRST   THREE 

SATELLITES.  ECLIPSES     OF     THE      SATELLITES.  — -  VELOCITT     OF 

LIGHT.  —  ABERRATION.  -—  ETHEREAL   MEDIUM.  SATELLITES   OF 

SATURN    AND    URANUS. 

The  changes  Tvhich  take  place  in  the  planetary  system  are 
exhibited  on  a  smaller  scale  by  Jupiter  and  his  satellites ; 
and^  as  the  period  requisite  for  the  developement  of  the  in- 
equalities of  these  moons  only  extends  to  a  few  centuries^ 
it  may  be  regarded  as  an  epitome  of  that  grand  cycle  which 
will  not  be  accomplished  by  the  planets  in  myriads  of  ages. 
The  revolutions  of  the  satellites  about  Jupiter  are  precisely 
similar  to  those  of  the  planets  about  the  sun :  it  is  true 
they  are  disturbed  by  the  sun^  but  his  distance  is  so  great, 
that  their  motions  are  nearly  the  same  as  if  they  were  not 
under  his  influence.  The  satellites,  like  the  planets,  were 
probably  projected  in  elliptical  orbits :  but,  as  the  masses 
of  the  satellites  are  nearly  100,000  times  less  than  that  of 
Jupiter ;  and  as  the  compression  of  Jupiter's  spheroid  is 
so  great,  in  consequence  of  his  rapid  rotation,  that  his 
equatorial  diameter  exceeds  his  polar  diameter  by  no  less 
than  6000  miles;  the  immense  quantity  of  prominent  matter 
at  his  equator  must  soon  have  given  the  circular  form  ob- 
served in  the  orbits  of  the  first  and  second  satellites,  which 
its  superior  attraction  will  always  maintain.  The  third 
and  fourth  satellites,  being  farther  removed  from  its  in- 
fluence, revolve  in  orbits  with  a  very  smaW  exc%iiti\cv\.^  • 
And  although  the  £rst  two  sensibly  move  in  cudes,  \)cve\x 
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orbits  acquire  a  small  ellipticity,  from  the  disturbances  they 
experience.^ 

It  has  been  stated^  that  the  attraction  of  a  sphere  on  an 
exterior  body  is  the  same  as  if  its  mass  were  united  in  one 
particle  in  its  centre  of  gravity^  and  therefore  inversely  as 
the  square  of  the  distance.  In  a  spheroid^  however^  there 
is  an  additional  force  arising  from  the  bulging  mass  at  its 
equator,  which^  not  following  the  exact  law  of  gravity^  acts 
as  a  disturbing  force.  One  effect  of  this  disturbing  force 
in  the  spheroid  of  Jupiter  is^  to  occasion  a  direct  motion  in 
the  greater  axes  of  the  orbits  of  all  his  satellites^  which  is 
more  rapid  the  nearer  the  satellite  is  to  the  planet^  and  very 
much  greater  than  that  part  of  their  motion  which  arises 
from  the  disturbing  action  of  the  sun.  The  same  cause 
occasions  the  orbits  of  the  satellites  to  remain  nearly  in  the 
plane  of  Jupiter's  equator  ^^  on  account  of  which  the  satel* 
lites  are  always  seen  nearly  in  the  same  line  ^ ;  and  the 
powerful  action  of  that  quantity  of  prominent  matter^  is 
the  reason  why  the  motions  of  the  nodes  of  these  small 
bodies  is  so  much  more  rapid  than  those  of  the  planet 
The  nodes  of  the  fourth  satellite  accomplish  a  tropical  re- 
volution in  531  years ;  while  those  of  Jupiter's  orbit  require 
no  less  than  36,261  years ;  —  a  proof  of  the  reciprocal  at- 
traction between  each  particle  of  Jupiter's  equator  and  of 
the  sateUites.  In  fact,  if  the  satellites  moved  exactly  in 
the  plane  of  Jupiter's  equator,  they  would  not  be  pulled 
out  of  that  plane,  because  his  attraction  would  be  equal  on 
both  sides  of  it.  But,  as  their  orbits  have  a  small  inclin- 
ation to  the  plane  of  the  planet's  equator,  there  is  a  want  of 
symmetry,  and  the  action  of  the  protuberant  matter  tends  to 
make  the  nodes  regress  by  pulling  the  satellites  above  or  be- 
low the  planes  of  their  orbits  ;  an  action  which  is  so  great 
on  the  interior  satellites,  that  the  motions  of  their  nodes  are 
nearly  the  same  as  if  no  other  disturbing  force  existed. 
'  Note  86.  >  Note  W .  *  'Sole  «i. 
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The  orbits  of  the  satellites  do  not  retain  a  permanent  in- 
dinationy  either  to  the  plane  of  Jupiter's  equator^  or  to 
that  of  his  orlnt,  hut  to  certain  planes  passing  between  the 
two,  and  through  their  intersection.  These  have  a  greater 
inclination  to  his  equator  the  farther  the  satellite  is  re- 
moved, owing  to  the  influence  of  Jupiter's  compression ; 
and  they  have  a  slow  motion  corresponding  to  secular  vari- 
ations in  the  planes  of  Jupiter's  orbit  and  equator. 

The  satellites  are  not  only  subject  to  periodic  and  secu- 
lar inequalities  from  their  mutual   attraction,  similar  to 
those  which  affect  the  motions  and  orbits  of  the  planets, 
but  also  to  others  peculiar  to  themselves.     Of  the  periodic 
inequalities  arising,  from  their  mutual  attraction  the  most 
remarkable  take  place  in  the  angular  motions^  of  the  three 
nearest  to  Jupiter,  the  second  of  which  receives  from  the 
first  a  perturbation  similar  to  that  which  it  produces  in  the 
third;  and  it  experiences  from  the  third  a  perturbation 
imOar  to  that  which  it  communicates  to  the  first.     In  the 
clipses  these  two  inequalities  are  combined  into  one,  whose 
eriod  is  437'659'^y*.     The  variations  peculiar  to  the  sa- 
Uites,  arise  from  the  secular  inequalities  occasioned  by  the 
tion  of  the  planets  in  the  form  and  position  of  Jupiter's 
Ut,  and  from  the  displacement  of  his  equator.     It  isob- 
us  that  whatever  alters  the  relative  positions  of  the  sun, 
liter,  and  his  satellites,  roust  occasion  a  change  in  the 
ctions  and  intensities  of  the  forces,  which  will  affect  the 
ons  and  orbits  of  the  satellites.      For  this  reason  the 
ar  variations  in  the  excentricity  of  Jupiter's  orbit  oc- 
1  secular  inequalities  in  the  mean  motions  of  the  satel- 
and  in  the  motions  of  the  nodes  and  apsides  of  their 
The  displacement  of  the  orbit  of  Jupiter,  and  the 
on  in  the  position  of  his  equator,  also  affect  these 
»odies.2     The  plane  of  Jupiter's  equator  is  inclined 
>lane  of  his  orbit  at  an  angle  of  3°  5'  30" ,  ^o  \)[i^\. 

'  Note  89.  2  >^ote  90. 
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the  action  of  the  sun  and  of  the  satellites  themselves  pro- 
duces a  nutation  and  precession  *  in  his  equator^  precisel^^ 
similar  to  that  which  takes  place  in  the  rotation  of  the 
earthy  from  the  action  of  the  sun  and  moon.  Hence  the 
protuherant  matter  at  Jupiter's  equator  is  continually  chang- 
ing its  position  with  regard  to  the  satellites,  and  produces 
corresponding  mutations  in  their  motions.  And^  as  the 
cause  must  he  proportional  to  the  effect^  these  inequalities 
afford  the  means^  not  only  of  ascertaining  the  compression 
of  Jupiter's  spheroid,  hut  they  prove  that  his  mass  is  not 
homogeneous.  Although  the  apparent  diameters  of  the 
satellites  are  too  small  to  he  measured^  yet  their  perturba- 
tions give  the  values  of  their  masses  with  considerable 
accuracy  —  a  striking  proof  of  the  power  of  analysis. 

A  singular  law  obtains  among  the  mean  motions  and- 
mean  longitudes  of  the  first  three  satellites.  It  appears 
from  observation  that  the  mean  motion  of  the  first  satellite^ 
plus  twice  that  of  the  third,  is  equal  to  three  times  that  of 
the  second ;  and  that  the  mean  longitude  of  the  first  satellite, 
minus  three  times  that  of  the  second,  plus  twice  that  of  the 
third,  is  always  equal  to  two  right  angles.  It  is  proved  by 
theory^  that  if  these  relations  had  only  been  approximate 
when  the  satellites  were  first  launched  into  space,  their, 
mutual  attractions  would  have  established  and  maintained 
them,  notwithstanding  the  secular  inequalities  to  which  they 
are  liable.  They  extend  to  the  synodic  motions^  of  the 
satellites ;  consequently  they  affect  their  eclipses,  and  have 
a  very  great  influence  on  their  whole  theory.  The  satellites 
move  so  nearly  in  the  plane  of  Jupiter's  equator,  which  has 
a  very  small  inclination  to  his  orbit,  that  the  first  three  are 
eclipsed  at  each  revolution  by  the  shadow  of  the  planet, 
which  is  much  larger  than  the  shadow  of  the  moon  :  the 
fourth  satellite  is  not  eclipsed  so  frequently  as  the  others. 
The  eclipses  take  place  close  to  the  disc  of  Jupiter  when 
» Note  91.  *^ote^. 
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he  is  near  opposition  ^ ;  but  at  times  his  shadow  is  so  pro- 
jected with  regard  to  the  earthy  that  the  third  and  fourth 
satellites  vanish  and  re-appear  on  the  same  side  of  the  disc.^ 
These  eclipses  are  in  all  respects  similar  to  those  of  the 
moon:  but^  occasionally^  the  satellites  eclipse  Jupiter^  some* 
times  passing  like  obscure  spots  across  his  surface^  re« 
sembling  annular  eclipses  of  the  sun^  and  sometimes  like  a 
bright  spot  traversing  one  of  his  dark  belts.  Before  oppo* 
tition,  the  shadow  of  the  satellite^  like  a  round  black  spot^ 
precedes  its  passage  over  the  disc  of  the  planet ;  and  after 
opposition^  the  shadow  follows  the  satellite. 

In  consequence  of  the  relations  already  mentioned  in  the 
mean  motions  and  mean  longitudes  of  the  first  three  sateK 
lites^  they  never  can  be.  aU  eclipsed  at  the  same  time.  For 
when  the  second  and  third  are  in  one  direction^  the  first  is 
in  the  opposite  direction ;  consequently^  when  the  first  is 
eclipsed^  the  oi}^er  two  must  be  between  the  sun  and  Ju- 
piter. The  instant  of  the  beginning  or  end  of  an  eclipse  of 
a  satellite  marks  the  same  instant  of  absolute  time  to  all  the 
inhabitants  of  the  earth;  therefore^  the  time  of  these  eclipses 
observed  by  a  traveller,  when  compared  with  the  time  of 
the  edipse  computed  for  Greenwich^  or  any  other  fixed  me- 
ridian^, gives  the  difference  of  the  meridians  in  time,  and, 
consequently,  the  longitude  of  the  place  of  observation. 
The  eclipses  of  Jupiter's  satellites  have  been  the  means  of 
a  discovery  which,  though  not  so  immediately  applicable  to 
the  wants  of  man,  unfolds  one  of  the  properties  of  light  -^ 
that  medium  without  whose  cheering  influence  all  the 
beauties  of  the  creation  would  have  been  to  us  a  blank.  It 
is  observed,  that  those  eclipses  of  the  first  satellite,  which 
happen  when  Jupiter  is  near  conjunction '^,  are  later  by 
16™  26*'6  than  those  which  take  place  when  the  planet  is 
ki  opposition.  As  Jupiter  is  nearer  to  us  when  in  oppodtiow. 
by  the  whole  breadth  of  the  earth's  orbit  tliaxi  -wYvew  *\w 

i Note 93.  'Kate 94.  3  Note  95.  ^'Sotc^. 
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conjunction^  this  circumstance  is  attributed  to  the  time  em- 
ployed by  the  rays  of  light  in  crossing  the  earth*^  orbit^  a 
distance  of  about  190,000^000  of  miles ;  whence  it  is  es- 
timated that  light  travels  at  the  rate  of  IQO^OOO  miles  in 
one  second.  Such  is  its  velocity,  that  the  earth,  moving 
at  the  rate  of  nineteen  miles  in  a  second,  would  take  two 
months  to  pass  through  a  distance  which  a  ray  of  light 
would  dart  over  in  eight  minutes.  The  subsequent  dis. 
covery  of  the  aberration  of  Ught  confirmed  this  astonishing 
result. 

Objects  appear  to  be  situate  in  the  direction  of  the  rays 
which  proceed  from  them.  Were  light  propagated  instant- 
aneously, every  object;,  whether  at  rest  or  in  motion,  would 
appear  in  the  direction  of  these  rays ;  but  as  light  takes 
some  time  to  travel,  we  see  Jupiter  in  conjunction,  by  means 
of  rays  that  left  him  l6^  2&'6  before ;  but,  during  that 
time,  we  have  changed  our  position,  in  consequence  of  the 
motion  of  the  earth  in  its  orbit :  we  therefore  refer  Ju- 
piter to  a  place  in  which  he  is  not.  His  true  position  is  in 
th«  diagonal  ^  of  the  parallelogram,  whose  sides  are  in  the 
ratio  of  the  velocity  of  Ught  to  the  velocity  of  the  earth  in 
its  orbit,  which  is  as  190,000  to  19,  or  10,000  to  1.  In 
consequence  of  the  aberration  of  light,  the  heavenly  bodies 
seem  to  be  in  places  in  which  they  are  not.  In  fact,  if  the 
earth  were  at  rest,  rays  from  a  star  would  pass  along  the 
axis  of  a  telescope  directed  to  it ;  but  if  the  earth  were  to 
begin  to  move  in  its  orbit,  with  its  usual  velocity,  these  rays 
would  strike  against  the  side  of  the  tube ;  it  would,  there- 
fore, be  necessary  to  incline  the  telescope  a  little,  in  order 
to  see  the  star.  The  angle  contained  between  the  axis  of 
the  telescope  and  a  line  drawn  to  the  true  place  of  the  star, 
is  its  aberration,  which  varies  in  quantity  and  direction  in 
different  parts  of  the  earth's  orbit;  but  as  it  is  only  20'''36 
h  28  insensible  in  ordinary  cases.2 
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Th^  velocity  of  light  deduced  from  the  ohserved  aberra- 
tion of  the  fixed  stars,  perfectly  corresponds  with  that  given 
by  the  eclipses  of  the  first  satellite.  The  same  result^  ob- 
tained from  sources  so  different^  leaves  not  a  doubt  of  its 
truth.  Many  such  beautiful  coincidences^  derived  from 
drcomstanoes  apparently  the  most  unpromising  and  dis- 
similai,  occur  in  physical  astronomy^  and  prove  connexions^ 
which  we  might  otherwise  be  unable  to  trace.  The  iden- 
tity of  the  velocity  of  light,  at  the  distance  of  Jupiter^  and 
on  the  earth's  surface^  shows  that  its  velocity  is  uniform ; 
and  if  light  consists  in  the  vibrations  of  an  elastic  fluid  or 
ether  filling  space^  an  hypothesis  which  accords  best  with 
observed  phenomena^  the  uniformity  of  its  velocity  shows 
that  the  density  of  the  fluid  throughout  the  whole  extent  of 
the  solar  system  must  be  proportional  to  its  elasticity.  ^ 
Among  the  fortunate  conjectures  which  have  been  confirmed 
by  subsequent  experience^  that  of  Bacon  is  not  the  least 
remarkable.  ^'  It  produces  in  me,"  says  the  restorer  of  true 
philosophy,  '^  a  doubt  whether  the  face  of  the  serene  and 
starry  heavens  be  seen  at  the  instant  it  really  exists,  or  not 
till  some  time  later :  and  whether  there  be  not,  with  re- 
spect to  the  heavenly  bodies,  a  true  time  and  an  apparent 
time^  no  less  than  a  true  place  and  an  apparent  place,  as 
astronomers  say,  on  account  of  parallax.  For  it  seems  in- 
credible that  the  species  or  rays  of  the  celestial  bodies  can 
pass  through  the  immense  interval  between  them  and  us  in 
an  instant,  or  that  they  do  not  even  require  some  consi- 
derable portion  of  time." 

Great  discoveries  generally  lead  to  a  variety  of  conclu- 
sions :  the  aberration  of  light  affords  a  direct  proof  of  the 
motion  of  the  earth  in  its  orbit ;  and  its  rotation  is  proved 
by  the  theory  of  falling  bodies,  since  the  centrifugal  force 
it  induces  retards  the  oscillations  of  the  pendulum^  in 
g(nng  from  the  pole  to  the  equator.     Thus  a  \i\^  ^'&^«& 

'Note 99.  a  Note  100, 
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of  scientific  knowledge  has  been  requisite  to  dispel  the 
errors  of  the  senses. 

The  little  that  is  known  of  the  theories  of  the  satellites 
of  Saturn  and  Uranus  is^  in  all  respects^  similar  to  thil 
of  Jupiter.  Saturn  is  accompanied  by  seven  satellites^  the 
most  distant  of  whidi  is  about  the  size  of  the  planet  Mars* 
Its  orbit  has  a  sensible  inclination  to  the  plane  of  the  ring; 
but  the  great  compression  of  Saturn  occfudons  the  other 
satellites  to  move  nearly  in  the  plane  of  his  equator.  So 
many  circumstances  must  concur  to  render  the  two  interior 
satellites  visible^  that  they  have  very  rarely  been  seen. 
They  move  exactly  at  the  edge  of  the  ring,  and  their  orbits 
never  deviate  from  its  plane.  In  1789>  Sir  William  Her- 
schel  saw  them  like  beads^  threading  the  slender  line  of 
light  which  the  ring  is  reduced  to^  when  seen  edgewise 
from  the  earth.  And  for  a  short  time  he  perceived  them 
advancing  ofi*  it  at  each  end^  when  turning  round  in  their 
orbits.  The  eclipses  of  the  exterior  satellites  only  take 
place  when  the  ring  is  in  this  position.  Of  the  situation 
of  the  equator  of  Uranus  we  know  nothing,  nor  of  his 
compression ;  but  the  orbits  of  his  satellites  are  nearly 
perpendicular  to  the  plane  of  the  ecliptic ;  and^  by  analogy^ 
they  ought  to  be  in  the  plane  of  his  equator.  Uranus  is 
so  remote  that  he  has  more  the  appearance  of  a  planetary 

'  nebula  than  a  planet^  which  renders  it  extremely  difficult 
to  distinguish  the  satellites  at  all;  and  quite  hopeless  with- 
out such  a  telescope  as  is  rarely  to  be  met  with  even  in 
observatories.  Sir  William  Herschel  discovered  six,  and 
determined  the  motions  of  two  of  them ;  but  from  that  time 
the  position  of  the  planet  has  been  such  as  to  render  farther 
observations  impossible.  The  subject  has. recently  occu- 
pied the  attention  of  his  son^  who  has  found  evidence  of 
the  general  correctness  of  his  father  s  views^  and  has  been 
enabled  to  determine  the  elements  of  the  motions  of  these 

minute  objects  with  more  accuracy.    T\v<^  ^x^\.  %^\i^\ft 
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performs  its  revoludon  about  Uranus  in  8<*  16^  56°^  SV'3 ; 
and  the  second  satellite  accomplishes  its  period  in  13^  11^ 
ym  I2s*6.  The  orbits  of  both  seem  to  have  an  inclination 
of  about  101^*2  to  the  plane  of  the  ecliptic  ;  and  their  mo- 
tions ofier  the  singular  phenomenon  of  being  retrograde^ 
or  from  east  to  west ;  while  all  the  planets  and  the  other 
sateUites  revolve  in  the  contrary  direction.  Sir  John  Her- 
schel  could  not  perceive  the  smallest  indication  of  a  ring. 
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FROM   THE   EARTH   OBTAINED  FROM   LUNAR  THEORY. ABSOLUTE 

DISTANCES   OF   THE    PLANETS,    HOW    FOUND. 


Our  constant  companion j, the  moon^  next  claims  our  at- 
tention. Several  circumstances  concur  to  render  her  mo- 
tions the  most  interesting^  and  at  the  same  time  the  most 
difficult  to  investigate^  of  all  the  bodies  of  our  system.  In 
the  solar  system^  planet  troubles  planet ;  but  in  the  lunar 
theory^  the  sun  is  the  great  disturbing  cause ;  his  vast 
distance  being  compensated  by  his  enormous  magnitude, 
so  that  the  motions  of  the  moon  are  more  irregular  than 
those  of  the  planets ;  and^  on  account  of  the  great  ellip- 
ticity  of  her  orbit^  and  the  size  of  the  sun^  the  approxi- 
mations to  her  motions  are  tedious  and  difficulty  beyond 
what  those  unaccustomed  to  such  investigations  could  ima- 
gine. The  average  distance  of  the  moon  from  the  centre 
of  the  earth  is  only  237^360  miles,  so  that  her  motion 
among  the  stars  is  perceptible  in  a  few  hours.  She  com- 
pletes a  circuit  of  the  heavens  in  27**  7^  43°*  48*7^  moving 
in  an  orbit  whose  excentricity  is  about  12^9^^  miles.  The 
moon  is  about  four  hundred  times  nearer  to  the  earth  than 
the  sun.     The  proximity  of  tihe  moon  lo  xJaa  ^w^  Vsss^'^ 
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them  together.  For  so  great  is  the  attraction  of  the  sun^ 
that  if  the  moon  were  farther  from  the  earthy  she  would 
leave  it  altogether^  and  would  revolve  as  an  independent 
planet  about  the  sun. 

The  disturbing  action  ^  of  the  sun  on  the  moon  is  equi- 
valent to  three  forces.  The  firsts  acting  in  the  direction 
of  the  line  joining  the  moon  and  earthy  increases  or  dimi- 
nishes her  gravity  to  the  earth.  The  second^  acting  in  the 
direc^n  of  a  tangent  to  her  orbit^  disturbs  her  motion  in 
longitude.  And  the  third,  acting  perpendicularly  to  the 
plane  of  her  orbit^  disturbs  her  motion  in  latitude  ;  that  is^ 
it  brings  her  nearer^  or  removes  her  farther^  from  the  plane 
of  the  ecliptic  than  she  would  otherwise  be.  The  periodic 
perturbations  in  the  moon  arising  from  these  forces^  are 
perfectly  similar  to  the  periodic  perturbations  of  the  pla- 
nets. But  they  are  much  greater  and  more  numerous  ;  be* 
cause  the  sim  is  so  large,  that  many  inequalities  which  are 
quite  insensible  in  the  motions  of  the  planets,  are  of  great 
magnitude  in  those  of  the  moon.  Among  the  innumerable 
periodic  inequalities  to  which  the  moon's  motion  in  longi- 
tude is  liable^  the  most  remarkable  are^  the  Equation  of  the 
Centre,  which  is  the  difference  between  the  moon's  mean 
and  true  longitude^  the  Evection^  the  Variation^  and  the 
Amiud  Equation.  The  disturbing  force  which  acts  in  the 
line  joining  the  moon  and  earth  produces  the  Evection  :  it 
diminishes  the  excentricity  of  the  lunar  orbit  in  conjunc 
tion  and  opposition^  thereby  making  it  more  circular,  and 
augments  it  in  quadrature,  which  consequently  renders  it 
more  elliptical.  The  period  of  this  inequality  is  less  than 
thirty-two  days.  Were  the  increase  and  diminution  al- 
ways the  same,  the  Evection  would  only  depend  upon  the 
distance  of  the  moon  from  the  sun  ;  but  its  absolute  value 
also  varies  with  her  distance  from  the  perigee  2  of  hex 
orbit.     Ancient  astronomers,  who  observed  t\ie  tcvootv  ^^^^^ 

*  Note  101.  «NoteU2. 
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with  a  view  to  the  prediction  of  eclipses,  which  can  only 
happen  in  conjunction  and  opposition^  where  the  excentri- 
city  is  diminished  hy  the  Evection^  assigned  too  small  a 
value  to  the  ellipticity  of  her  orbit,  i  The  evection  was 
discovered  by  Ptolemy  from  observation,  about  a.  d.  140. 
The  variation  produced  by  the  tangential  disturbing  forccj 
which  is  at  its  maximum  when  the  moon  is  45^  distant 
from  the  sun^  vanishes  when  that  distance  amounts  to  a 
quadrant,  and  also  when  the  moon  is  in  conjunction  and 
opposition  ;  consequently^  that  inequality  never  could  have 
been  discovered  from  the  ecUpses  :  its  period  is  half  a 
lunar  month.^  The  Annual  Equation  depends  upon  the 
sun's  distance  from  the  earth :  it  arises  from  the  moon's 
motion  being  accelerated  when  that  of  the  earth  is  retarded^ 
and  vice  versd  —  for  when  the  earth  is  in  its  perihelion^ 
the  lunar  orbit  is  enlarged  by  the  action  of  the  sun  ;  there- 
fore^ the  moon  requires  more  time  to  perform  her  revolu- 
tion. But^  as  the  earth  approaches  its  aphelion,  the 
moon's  orbit  contracts,  and  less  time  is  necessary  to  ac- 
complish her  motion  —  its  period,  consequently,  depends 
upon  the  time  of  the  year.  In  the  eclipses,  the  annual 
equation  cpmbines  with  the  equation  of  the  centre  of  the 
terrestrial  orbit,  so  that  ancient  astronomers  imagined  the 
earth's  orbit  to  have  a  greater  excentricity  than  modern 
astronomers  assign  to  it. 

The  planets  disturb  the  motion  of  the  moon  both  di- 
rectly and  indirectly :  their  action  on  the  earth  alters  its 
relative  position  with  regard  to  the  sun  and  moon,  and 
occasions  inequalities  in  the  moon's  motion,  which  are 
more  considerable  than  those  arising  from  their  direct 
action ;  for  the  same  reason  the  moon,  by  disturbing  the 
earth,  indirectly  disturbs  her  own  motion.  Neither  the 
excentricity  of  the  lunar  orbit,  nor  its  mean  inclination  to 
the  plane  of  the  ecliptic,  have  experienced  any  changes 

^  Note  103.  '  Note  104. 
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from  secular  inequalities ;  for^  although  the  mean  action: 
of  the  sun  on  the  moon  depends  upon  the  inclination  of 
the  lunar  orhit  to  the  ecliptic^  and  the  position  of  the 
ediptic  is  subject  to  a  secular  inequality^  yet  analysis 
shows^  that  it  does  not  occasion  a  secular  variation  in  the 
inclination  of  the  lunar  orbit^  because  the  action  of  the  sun 
constantly  brings  the  moon's  orbit  to  the  same  inclination 
to  the  ediptic  The  mean  motion^  the  nodes^  and  the  pe- 
rigee^ however^  are  subject  to  very  remarkable  variations. 

From  the  eclipse  observed  by  the  Chaldeans  at  Babylon^ 
on  the  19th  of  March^  seven  hundred  and   twenty-one 
years  before  the  Christian  era^  the  place  of  the  moon  is 
known  from  that  of  the  sun  at  the  instant  of  opposition  ^, 
whence  her  mean  longitude  may  be  found.     But  the  com- 
parison of  this  mean  longitude  with  another  mean  longi- 
tude>  computed  back  for  the  instant  of  the  eclipse  from 
modem  observations,  shows  that  the  moon  performs  her 
revolution  round  the  earth  more  rapidly  and  in  a  shorter 
time  now  than  she  did  formerly ,  and  that  the  accelera- 
tion in  her  mean  motion  has  been  increasing  from  age  to 
age  as  the  square  of  the  time.  ^     All  ancient  and  interme- 
diate eclipses  confirm  this  result.     As  the  mean  motions 
of  the  planets  have  no  secular  inequalities,  this  seemed  to 
be  an  unaccountable  anomaly.     It  was  at  one  time  attri- 
buted to  the  resistance  of  an  ethereal  medium  pervading 
space,  and  at  another  to  the  successive  transmission  of  the 
gravitating  force.     But  as  La  Place  proved  that  neither  of 
these  causes,  even  if  they  exist,  have  any  influence  on  the 
motions  of  the  lunar  perigee^  or  nodes,  they  could  not 
affect  the  mean  motion ;  a  variation  in  the  mean  motion 
from  such  causes  being  inseparably  connected  with  varia- 
tions in  the  motions  of  the  perigee  and  nodes.    That  great 
mathematician,  in  studying  the  theory  pf  Jupiter's  satel- 
lites, perceived  that  the  secular  variation  in  the  elements 

»  Note  83.  ^  Note  105.  3  Note  102. 
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of  Jupiter's  orbit^  from  the  action  of  the  planets,  occasions 
corresponding  changes  in  the  motions  of  the  satdKtes, 
which  led  him  to  suspect  that  the  acceleration  in  the  mean 
motion  of  the  moon  might  be  connected  with  the  secular 
variation  in  the  excentricity  of  the  terrestrial  orbit.  Ana- 
lysis has  shown  that  he  assigned  the  true  cause  of  the 
acceleration. 

It  is  proved  that  the  greater  the  excentricity  of  the  ter- 
restrial orbit^  the  greater  is  the  disturbing  action  of  the 
sun  on  the  moon.     Now  as  the  excentricity  has  beoi  de- 
creasing for  ages^  the  effect  of  the  sun  in  disturbing  the 
moon  has  been  diminishing  during  that   time.     Conse- 
quently the  attraction  of  the  earth  has  had  a  more  and 
more  powerful  effect  on  the  moon,  and  has  been  conti- 
nually diminishing  the  size  of  the  lunar  orbit     So  that 
the  moon's  velocity  has  been   gradually  augmenting  for 
many  centuries  to  balance  the  increase  of  the  earth's  at- 
traction.    This  secular  increase  in  the  moon's  velocity  is 
called  the  Acc8leration^  a  name  peculiarly  appropriate  at 
present^   and   which  will  continue  to   be  so   for   a  vast 
number  of  ages ;  because^  as  long  as  the  earth's  excen- 
tricity diminishes^  the  moon's  mean  motion  will  be  acce- 
lerated; but  when  the  excentricity  has  passed  its  mini- 
mum^ and  begins  to  increase^  the  mean  motion  will  be 
retarded  from  age  to  age.      The  secular  acceleration  is 
now  about  11  "*9^  but  its  effect  on  the  moon's  place  in- 
creases as  the  square  of  the  time.     It  is  remarkable  that 
the  action  of  the  planets^  thus  reflected  by  the  sun  to  the 
moon^   is  much   more  sensible   than    their  direct  action 
either  on  the  earth  or  moon.     The  secular  diminution  in 
the  excentricity^  which   has  not  altered  the  equation  of 
the  centre  of  the  sun  by  eight  minutes  since  the  earliest 
recorded    eclipses,   has   produced    a   variation    of    about 
1°  48'  in  the  moon's  longitude,  and  of  7°  12'  in  her  mean 
anomaly.  1 

»  Note  106. 
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The  action  of  the  sun  occasions  a  rapid  hut  variahle 
motion  in  the  nodes  and  perigee  of  the  lunar  orhit. 
Though  the  nodes  recede  during  the  greater  part  of 
the  moon's  revolution^  and  advance  during  the  smaller^ 
they  perform  their  sidereal  revolution  in  6793^  9^  2Sn» 
9^3  ;  and  the  perigee  accomplishes  a  revolution  in 
3232**  13^  48™  29»-6,  or  a  littJe  more  than  nine  years, 
notwithstanding  its  motion  is  sometimes  retrograde  and 
sometimes  direct :  hut  such  is  the  difference  between  the 
disturbing  energy  of  the  sun  and  that  of  all  the  planets 
put  together^  that  it  requires  no  less  than  109^830  years 
for  the  greater  axis  of  the  terrestrial  orbit  to  do  the  same^ 
moving  at  the  rate  of  11  "*8  annually.  The  form  of  the 
earth  has  no  sensible  effect  either  on  the  lunar  nodes  or 
apsides.  It  is  evident  that  the  same  secular  variation  which 
changes  the  sun's  distance  from  the  earthy  and  occasions 
the  acceleration  in  the  moon's  mean  motion^  must  affect 
the  nodes  and  perigee.  It  consequently  appears^  from 
theory  as  well  as  observation^  that  both  these  elements  are 
subject  to  a  secular  inequality,  arising  from  the  variation  in 
the  excentricity  of  the  earth's  orbit^  which  connects  them 
with  the  Acceleration,  so  that  both  are  retarded  when  the 
mean  motion  is  anticipated.  The  secular  variations  in  these 
three  elements  are  in  the  ratio  of  the  numbers  3,  0*735^ 
and  1 ;  whence  the  three  motions  of  the  moon,  with  regard 
to  the  sun,  to  her  perigee,  and  to  her  nodes,  are  continually 
accelerated,  and  their  secular  equations  are  as  the  numbers 
1,  4'702,  and  0*6l2.  A  comparison  of  ancient  eclipses 
observed  by  the  Arabs,  Greeks,  and  Chaldeans,  imperfect 
as  they  are,  with  modern  observations,  confirms  these  re- 
sults of  analysis.  Future  ages  will  develope  these  great  in- 
equalities, which  at  some  most  distant  period  will  amount 
to  many  circumferences.'  They  are,  indeed,  periodic  ;  but 
who  shall  tell  their  period  ?  Millions  of  years  must  elapse 
before  that  great  cycle  is  accomplished. 

1  Note  107. 
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The  moon  is  so  near^  that  the  excess  of  matter  at  the 
earth's  equator  occasions  periodic  variations  in  her  longi- 
tude^ and  also  that  remarkahle  inequality  in  her  latitude^ 
already  mentioned  as  a  nutation  in  the  lunar  orhit,  which 
diminishes  its  inclination  to  the  ecliptic  when  the  moon's 
ascending  node  coincides  with  the  equinox  of  spring,  and 
augments  it  when  that  node  coincides  with  the  equinox  of 
autamn.  As  the  cause  must  be  proportional  to  the  effect, 
a  comparison  of  these  inequalities^  computed  from  theory^ 
with  the  same  given  by  observation^  shows  that  the  com- 
pression of  the  terrestrial  spheroid^  or  the  ratio  of  the 
difference  between  the  polar  and  the  equatorial  diameters, 
to  the  diameter  of  the  equator,  is  -j-q^'-q-^*  It  is  proved 
analytically,  that  if  a  fluid  mass  of  homogeneous  matter, 
whose  particles  attract  each  other  inversely  as  the  squares 
of  the  distance,  were  to  revolve  about  an  axis  as  the 
earth  does,  it  would  assume  the  form  of  a  spheroid  whose 
compression  is  -^j^.  Since  that  is  not  the  case,  the  earth 
cannot  be  homogeneous,  but  must  decrease  in  density 
from  its  centre  to  its  circumference.  Thus  the  moon's 
eclipses  show  the  earth  to  be  round ;  and  her  inequalities 
not  only  determine  the  form,  but  even  the  internal  struc- 
ture of  our  planet ;  results  of  analysis  which  could  not 
have  been  anticipated.  Similar  inequalities  in  the  motions 
of  Jupiter*s  satellites  prove  that  his  mass  is  not  homo-* 
geneous,  and  that  his  compression  is  il-^*  His  equa. 
torial  diameter  exceeds  his  polar  diameter  by  about  6000 
miles. 

The  phases^  of  the  moon,  which  vary  from  a  slender 
silvery  crescent  soon  after  conjunction  to  a  complete  cir- 
cular disc  of  light  in  opposition,  decrease  by  the  same 
degrees  till  the  moon  is  again  enveloped  in  the  morning 
beams  of  the  sun.  These  changes  regulate  the  returns  of 
the  eclipses.     Those  of  the  sun  can  only  happen  in  con^ 
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junction,  when  the  moon^  coming  between  the  earth  and 
the  sun^  intercepts  his  light.  Those  of  the  moon  are 
occasioned  by  the  earth  intervening  between  the  sun  and 
moon  when  in  opposition.  As  the  earth  is  opaque  and 
nearly  spherical^  it  throws  a  conical  shadow  on  the  side  of 
the  moon  opposite  to  the  sun^  the  axis  of  which  passes 
through  the  centres  of  the  sun  and  earth.  ^  The  length  of 
the  shadow  terminates  at  the  point  where  the  apparent 
diameters^  of  the  sun  and  earth  would  be  the  same. 
When  the  moon  is  in  opposition^  and  at  her  mean  distance^ 
the  diameter  of  the  sun  would  be  seen  from  her  centre 
under  an  angle  of  IQlS'^'l.  That  of  the  earth  would 
appear  under  an  angle  of  GQOS'^'S,  So  that  the  length  of 
the  shadow  is  at  least  three  times  and  a  half  greater  than 
the  distance  of  the  moon  from  the  earthy  and  the  breadth 
of  the  shadow,  where  it  is  traversed  by  the  moon,  is  about 
eight  thirlds  of  the  lunar  diameter.  Hence  the  moon  would 
be  eclipsed  every  time  she  is  in  opposition,  were  it  not 
for  the  inclination  of  her  orbit  to  the  plane  of  the 
ecliptic,  in  consequence  of  which  the  moon  when  in 
opposition  is  either  above  or  below  the  cone  of  the 
earth's  shadow,  except  when  in  or  near  her  nodes.  Her 
position  with  regard  to  them  occasions  all  the  varieties 
in  the  lunar  eclipses.  Every  point  of  the  moon's  sur- 
face successively  loses  the  light  of  different  parts  of  the 
sun's  disc  before  being  eclipsed.  Her  brightness  therefore 
gradually  diminishes  before  she  plunges  into  the  earth's 
shadow.  The  breadth  of  the  space  occupied  by  the  penum- 
bra ^  is  equal  to  the  apparent  diameter  of  the  sun,  as  seen 
from  the  centre  of  the  moon.  The  mean  duration  of  a 
revolution  of  the  sun,  with  regard  to  the  node  of  the  lunar 
orbit,  is  to  the  duration  of  a  synodic  revolution'*  of  the 
moon  as  223  to  19-  So  that,  after  a  period  of  223  lunar 
months,  the  sun  and  moon  would  return  to  the  same  rela- 
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tive  position  with  regard  to  the  node  of  the  moon*s  orUt, 
and  therefore  the  eclipses  would  recur  in  the  same  prd^^ 
were  not  the  periods  altered  hy  irregularities  in  the  mo- 
tions  of  the  sun  and  moon.  In  lunar  eclipses^  our  atmo> 
sphere  hends  the  sun's  rays  which  pass  through  it  all  romul 
into  the  cone  of  the  earth's  shadow.  And  as  the  horiamital 
refraction  ^  or  hending  of  the  rays  surpasses  half  the  sum 
of  the  semidiameters  of  the  sun  and  moon^  divided  hy  th^ 
mutual  distance^  the  centre  of  the  lunar  disc,  supposed  tp 
he  in  the  axis  of  the  shadow^  would  receive  the  rays  firbm 
the  same  point  of  the  sun^  round  all  sides  of  the  earth>  so 
that  it  would  he  more  illuminated  than  in  fuU  moon,  if  tbe 
greater  portion  of  the  light  were  not  stopped  or  ahsorbed 
hy  the  atmosphere.  Instances  are  recorded  where  this 
feeble  light  has  been  entirely  absorbed,  so  that  the  moon 
has  altogether  disappeared  in  her  eclipses. 

The  sun  is  eclipsed  when  the  moon  intercepts  his  rays.^ 
The  moon,  though  incomparably  smaller  than  the  sun,  is  so 
much  nearer  the  earth,  that  her  apparent  diameter  differs 
but  little  from  his,  but  both  are  liable  to  such  variations, 
that  they  alternately  surpass  one  another.  Were  the  eye 
of  a  spectator  in  the  same  straight  line  with  the  centres  of 
the  sun  and  moon,  he  would  see  the  sun  eclipsed.  If  tbe 
apparent  diameter  of  the  moon  surpassed  that  of  the  sim, 
the  eclipse  would  be  total.  If  it  were  less,  the  observer 
would  see  a  ring  of  light  round  the  disc  of  the  moon,  and 
the  eclipse  would  be  annular,  as  it  was  on  the  17th  May, 
1836.  If  the  centre  of  the  moon  should  not  be  in  the 
straight  line  joining  the  centres  of  the  sun  and  the  eye  of 
the  observer,  the  moon  might  only  eclipse  a  part  of  the  sun. 
The  variation,  therefore,  in  the  distances  of  the  sun  and 
moon  from  the  centre  of  the  earth,  and  of  the  moon  from 
her  node  at  the  instant  of  conjunction,  occasions  great  va- 
rieties ia  the  solar  eclipses.  Besides,  the  height  of  the 
'Note  lis.  »lJo\.e\U. 
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moon  above  the  horizon  changes  her  apparent  diameter^ 
and  m9Y  augment  or  diminish  the  apparent  distances  of 
the  centres  of  the  sun  and  moon,  so  that  an  eclipse  of  the 
SOS  Biay  occur  to-  the  inhabitants  of  one  country^  and  not 
to  tfaoee  of  another.  In  this  respect  the  solar  eclipses  differ 
fiom  the  lunar^  which  are  the  same  for  every  part  of  the 
earth  where  the  moon  is  above  the  horizon.  In  solar 
edipses^  the  light  reflected  by  the  atmosphere  diminishes 
the  obBCurity  they  produce.  £ven  in  total  eclipses  the 
hi^er  part  of  the  atmosphere  is  enlightened  by  a  part  of 
the  son's  disc^  and  reflects  its  rays  to  the  earth.  The  whole 
disc  of  the  new  moon  is  frequently  visible  from  atmospheric 
reflection. 

Planets  sometimes  eclipse  one  another.  On  the  1 7th  of 
May,  17S7i  Mercury  was  eclipsed  by  Venus  near  their  in- 
ferior conjunction ;  Mars  passed  over  Jupiter  on  the  9th 
of  January,  1591;  and  on  the  30th  of  October^  1825,  the 
moon  eclipsed  Saturn.  These  phenomena^  however^  happen 
very  seldom,  because  all  the  planets,  or  even  a  part  of  them, 
are  very  rarely  seen  in  conjunction  at  once ;  that  is,  in 
the  same  part  of  the  heavens  at  the  same  time.  More  than 
2500  years  before  our  era,  the  five  great  planets  were  in 
conjunction.  On  the  15th  of  September,  1186,  a  similar 
assemUage  took  place  between  the  constellations  of  Virgo 
and  Libra;  and  in  1801,  the  Moon,  Jupiter,  Saturn,  and 
Venus  were  united  in  the  heart  of  the  Lion.  These  con- 
jonctions  are  so  rare,  that  Lalande  has  computed  that  more 
than  seventeen  millions  of  millions  of  years  separate  the 
epochs  of  the  contemporaneous  conjunctions  of  the  six  great 
planets. 

The  motions  of  the  moon  have  now  become  of  more  im- 
portance to  the  navigator  and  geographer  than  those  of  any 
other  heavenly  body,  from  the  precision  with  whiclv  letx^v 
trial  longitude  i5  determined  by  occultations  of  slax^,  aiv^\s^ 
/unar  distances.     In  consequence  of  the  letiograde  xiioXKoti. 
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of  the  nodes  of  the  lunar  orbit,  at  the  rate  of  3^  10^''64 
daily,  these  points  make  a  tour  of  the  heavens  in  a  little 
more  than  eighteen  years  and  a  half.  This  causes  the 
moon  to  move  round  the  earth  in  a  kind  of  spiral,  so  that 
her  disc  at  different  times  passes  over  every  point  in  a  zone 
of  the  heavens  extending  rather  more  than  5^  ff  on  each 
side  of  the  ecliptic.  It  is  therefore  evident,  that  at  one  time 
or  other,  she  must  eclipse  every  star  and  planet  she  meets 
with  in  this  space.  Therefore  the  occultation  of  a  star  by 
the  moon  is  a  phenomenon  of  frequent  occurrence.  -  The 
moon  seems  to  pass  over  the  star,  which  almost  instanta- 
neously vanishes  at  one  side  of  her  disc,  and  after  a  short 
time  as  suddenly  re-appears  on  the  other.  A  lunar  distance 
is  the  observed  distance  of  the  moon  from  the  sun,  or 
from  a  particular  star  or  planet,  at  any  instant.  The  lunar 
theory  is  brought  to  such  perfection,  that  the  times  of 
these  phenomena,  observed  under  any  meridian,  when 
compared  with  those  computed  for  Greenwich  in  the  Nau- 
tical Almanac,  give  the  longitude  of  the  observer  within  a 
few  miles.  1 

From  the  lunar  theory,  the  mean  distance  of  the  sun 
from  the  earth,  and  thence  the  whole  dimensions  of  the 
solar  system,  are  known.  For  the  forces  which  retain  the 
earth  and  moon  in  their  orbits  are  respectively  proportional 
to  the  radii  vectores  of  the  earth  and  moon,  each  being  di- 
vided by  the  square  of  its  periodic  time.  And  as  the  lunar 
theory  gives  the  ratio  of  the  forces,  the  ratio  of  the  distances 
of  the  sun  and  moon  from  the  earth  is  obtained.  Hence  it 
appears  that  the  sun's  mean  distance  from  the  earth  is  396 
or  nearly  400  times  greater  than  that  of  the  moon.  The 
method  of  finding  the  absolute  distances  of  the  celestial 
bodies  in  miles,  is  in  fact  the  same  with  that  employed  in 
measuring  the  distances  of  terrestrial  objects.  From  the 
extremities  of  a  known  base^,  the  angles  which  the  visual 
Xcte  95.  ■*  ^«>^e  \\5. 
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rays  from  the  object  form  with  it^  are  measured ;  their 
sum  subtracted  from  two  right  angles  gives  the  angle  op- 
posite the  base  ;  therefore^  by  trigonometry,  all  the  angles 
and  sides  of  the  triangle  may  be  computed  —  consequently 
the  distance  of  the  object  is  found.  The  angle  under  which 
the  base  of  the  triangle  is  seen  from  the  object,  is  the  pa- 
rallax of  that  object.  It  evidently  increases  and  decreases 
with  the  distance.  Therefore  the  base  must  be  very  great 
indeed  to  be  Visible  from  the  celestial  bodies.  The  globe 
itself,  whose  dimensions  are  obtained  by  actual  admeasure- 
mentj  furnishes  a  standard  of  measures,  with  which  we 
compare  the  distances,  masses,  densities,  and  volumes  of 
tlie  sun  and  planets. 
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SECTION  VI. 

FORM  OF  THE  EARTH  AND  PLANETS. —FIGURE  OF  A  HOMOGXNBOUI 
SPHEROID  IN  ROTATION.  — FIGURE  OF  A  SPHEROID  OF  YABIABU 
DENSITY.  —  FIGURE  OF  THE  EARTH,  SUPPOSING  IT  TO  BE  AN 
ELLIPSOID    OF    REVOLUTION.  —  MENSURATION    OF    A    DEGREE   Of 

THE  MERIDIAN. COMPRESSION    AND    SIZE    OF   THR  EARTH    FROM 

DEGREES    OF   MERIDIAN. FIGURE    OF   EARTH   FROM    TH<    PEN- 
DULUM. 

The  theoretical  ioYestigiition  of  the  figure  of  the  eorili 
and  planets  is  so  complicated^  that  ndther  the  geometrj 
of  Newtony  nor  the  refined  analysis  of  La  Place^  haYe 
attained  more  than  an  approximation.  It  is  only  within  a 
few  years  that  a  complete  and  finite  solution  of  that  diffi- 
cult prohlem  has  heen  accomplished^  hy  our  distinguished 
countryman  Mr.  lYory.  The  investigation  has  been  con- 
ducted by  successive  steps^  beginning  with  a  simple  case^ 
and  then  proceeding  to  the  more  difficult.  But  in  all,  the 
forces  which  occasion  the  revolutions  of  the  earth  and 
planets  are  omitted^  because,  by  acting  equally  upon  all 
the  particles^  they  do  not  disturb  their  mutual  relations. 
A  fluid  mass  of  uniform  density^  whose  particles  mutually 
gravitate  to  each  other^  wiU  assume  the  form  of  a  sphere 
when  at  rest.  But  if  the  sphere  begins  to  revolve,  every 
particle  will  describe  a  circle ',  having  its  centre  in  the 
axis  of  revolution.  The  planes  of  all  these  circles  will  be 
parallel  to  one  another,  and  perpendicular  to  the  axis,  and 
the  particles  will  have  a  tendency  to  fly  from  that  axis, 
in  consequence  of  the  centrifugal  force  arising  from  the 
velocity  of  rotation.  The  force  of  gravity  is  every  where 
perpendicular  to  the  surface  2,  and  tends  to  the  interior  of 
the  fluid  mass  ;  whereas  the  centrifugal  force  acts  perpen- 
i  Note  116.  «'S<A.«\n. 
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JDrly  to  the  axis  of  rotation^  and  is  directed  to  the 
ior.  And  as  its  intensity  diminishes  with  the  dis- 
i  firom  the  axis  of  rotation^  it  decreases  from  the 
tor  to  the  poles^  where  it  ceases.  Now  it  is  clear  that 
)  two  forces  are  in  direct  opposition  to  each  other  in 
squator  alone^  and  that  gravity  is  there  diminished  hy 
irhole  effect  of  the  centrifugal  force,  whereas,  in  every 
r  part  of  the  fluids  the  centrifugal  force  is  resolved 
two  parts,  one  of  which^  heing  perpendicular  to  the 
ice^  diminishes  the  force  of  gravity ;  hut  the  other, 
;  at  a  tangent  to  the  surface^  urges  the  particles 
ids  the  equator,  where  they  accumulate  till  their  num- 
compensate  the  diminution  of  gravity,  which  makes 
muB  buJ^e  at  the  equator,  and  become  flattened  at  the 
u  It  appears  then,  that  the  influence  of  the  cen* 
gal  force  is  most  powerful  at  the  equator,  not  only 
it  is  actually  greater  there  than  elsewhere,  but 
its  whole  effect  is  employed  in  diminishing  gravity^ 
\,  in  every  other  ^loint  of  the  fluid  mass,  it  is  only 
ft  that  is  so  employed.  For  both  these  reasons,  it 
Dally  decreases  towards  the  poles,  where  it  ceases. 
the  contrary,  gravity  is  least  at  the  equator^  because 
particles  are  farther  from  the  centre  of  the  mass,  and 
Miaes  towards  the  poles,  where  it  is  greatest.  It  is 
mt^  therefore,  that,  as  the  centrifugal  force  is  much 
than  the  force  of  gravity  —  gravitation,  which  is  the 
rence  between  the  two,  is  least  at  the  equator^  and 
Dually  increases  towards  the  poles,  where  it  is  a 
[mum.  On  these  principles  Sir  Isaac  Newton  proved, 
a  homogeneous  fluid  ^  mass  in  rotation  assumes  the 
of  an  ellipsoid  of  revolution  2,  whose  compression  is 
Such,  however,  cannot  be  the  form  of  the  earth, 
use  the  strata  increase  in  density  towards  the  centre. 
lunar  inequalities  also  prove  the  earlYv  to  \>^  %o  <^QXi^ 

i  Note  118.  a  Note  119. 
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structed ;  it  was  requisite,  therefore^  to  consider  the  fluid 
mass  to  be  of  yaviable  density.     Including  this  condition, 
it  has  been  found  that  the  mass,  when  in  rotation^  would 
still  assume  the  form  of  an  ellipsoid  of  revolution ;  that 
the  particles  of  equal  density  would  arrange  themselves  in 
concentric  elliptical  strata^,  the  most  dense  being  in  the 
centre ;  but  that  the  compression  or  flattening  would  be 
less  than  in  the  case  of  the  homogeneous  fluid.     The 
compression  is  still  less  when  the  mass  is  considered  to  be, 
as  it  actually  Is^  a  solid  nucleus,  decreasing  regularly  in 
density  from  the  centre  to  the  surface,  and  partially  co- 
vered by  the  ocean^  because  the  solid  parts,  by  their  cohe- 
sion,  nearly  destroy  that  part    of  the  centrifugal  force 
which  gives  the  particles  a  tendency  to  accumulate  at  the 
equator,  though  not  altogether:  otherwise  the  sea,  by  the 
superior  mobility  of  its  particles,  would  flow  tow£u:ds  the 
equator  and  leave  the  poles  dry.     Besides,  it  is  well  known 
that  the  continents  at  the  equator  are  more  elevated  than 
they  are  in  higher  latitudes.     It  is  also  necessary  for  the 
equilibrium  of  the  ocean,  that  its  density  should  be  less 
than  the  mean  density  of  the  earth,  otherwise  the  conti- 
nents would  be  perpetually  liable  to   inundations  from 
storms,  and  other  causes.     On  the  whole,  it  appears  from 
theory,  that  a  horizontal  line  passing   round  the  earth 
through  both  poles,  must  be  nearly  an  ellipse,  having  its 
major  axis  in  the  plane  of  the  equator^  and  its  minor 
axis  coincident  with   the    axis  of   the  earth's  rotation.  2 
It  is  easy  to  show,  in  a  spheroid  whose  strata  are  ellip- 
tical, that  the  increase  in  the  length  of  the  radii  3,  the 
decrease  of  gravitation,  and   the  increase  in   the  length 
of  the  arcs  of  the  meridian,  corresponding  to  angles  of 
one  degree,  from  the  poles  to  the  equator,  are  all  propor- 
tional to  the  square  of  the  cosine  of  the  latitude."^     These 
quantities  are  so  connected  with  the  ellipticity  of  the  sphe. 
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roid^  that  the  total  increase  in  the  length  of  the  radii  is  equal 
to  the  compression  or  flattening^  and  the  total  diminution 
in  the  length  of  the  arcs  is  equal  to  the  compression,  mul- 
tiplied by  three  times  the  length  of  an  arc  of  one  degree  at 
the  equator.  Hence^  by  measuring  the  meridian  curvature 
of  the  earthy  the  compression^  and  consequently  its  figure^ 
become  known.  This^  indeed,  is  assuming  the  earth  to  be 
an  ellipsoid  of  revolution,  but  the  actual  measurement  of 
the  globe  will  show  how  far  it  corresponds  with  that  solid 
in  figure  and  constitution. 

The  courses  of  the  great  rivers,  which  are  in  general 
navigable  to  a  considerable  extent,  prove  that  the  curva- 
ture of  the  land  differs  but  little  from  that  of  the  ocean; 
and  as  the  heights  of  the  mountains  and  continents  are 
inconsiderable  when  compared  with  the  magnitude  of  the 
earth,  its  figure  is  understood  to  be  determined  by  a  sur- 
face at  every  point  perpendicular  to  the  direction  of  gra- 
vitation^ or  of  the  plumb-Une,  and  is  the  same  which  the 
sea  would  have,  if  it  were  continued  all  round  the  earth 
beneath  the  continents.  Such  is  the  figure  that  has  been 
measured  in  the  following  manner :  — 

A  terrestrial  meridian  is  a  Une  passing  through  both 
poles^  all  the  points  of  which  have  their  noon  contempo- 
raneously. Were  the  lengths  and  curvatures  of  different 
meridians  known,  the  figure  of  the  earth  might  be  deter- 
mined. But  the  length  of  one  degree  is  sufficient  to  give 
the  figure  of  the  earth,  if  it  be  measured  on  different 
meridians,  and  in  a  variety  of  latitudes.  For  if  the  earth 
were  a  sphere,  all  degrees  would  be  of  the  same  length,  but 
if  not,  the  lengths  of  the  degrees  would  be  greater,  exactly 
in  proportion  as  the  curvature  is  less.  A  comparison  of  the 
length  of  a  degree  in  different  parts  of  the  earth's  surface, 
will  therefore  determine  its  size  and  form. 

An  arc  of  the  meridian  may  be  measured,  by  observing 
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the  latitude  of  its  extreme  points  ^^  and  then  measuring 
the  distance  between  them  in  feet  or  fathoms.  The  dis- 
tance thus  determined  on  the  surface  of  the  earthy  divided 
by  the  d^rees  and  parts  of  a  degree  contained  in  the  dif- 
ference of  the  latitudes^  will  give  the  exact  length  of  one 
d^ree,  the  difference  of  the  latitudes  being  the  angle  con- 
tained between  the  verticals  at  the  extremities  of  the  arc 
This  would  be  easily  accomplished  were  the  distance  un- 
obstructed^ and  on  a  level  with  the  sea.  But^  on  account 
of  the  innumerable  obstacles  on  the  surface  of  the  earth,  it 
is  necessary  to  connect  the  extreme  points  of  the  arc  by  a 
series  of  triangles  ^^  the  sides  and  angles  of  which  are  either 
measured  or  computed,  so  that  the  length  of  the  arc  is  as^ 
certained  with  much  laborious  calculation.  In  consequence 
of  the  irregularities  of  the  surface,  each  triangle  is  in  a  dif- 
ferent plane.  They  must  therefore  be  reduced  by  com* 
putation,  to  what  they  would  have  been  had  they  been 
measured  on  the  surface  of  the  sea.  And  as  the  earth  may 
in  this  case  be  esteemed  spherical,  they  require  a  correction 
to  reduce  them  to  spherical  triangles.  The  gentlemen  who 
conduct  the  trigonometrical  survey,  in  measuring  500  feet 
of  a  base  in  Ireland  twice  over,  found  that  the  di£ference 
in  the  two  measurements  did  not  amount  to  the  800th  part 
of  an  inch.  Such  is  the  accuracy  with  which  these  opera- 
tions are  conducted,  and  which  they  require. 

Arcs  of  the  meridian  have  been  measured  in  a  variety  of 
latitudes  north  and  south,  as  well  as  arcs  perpendicular  to 
the  meridian.  From  these  measurements  it  appears,  that 
the  length  of  the  degrees  increases  from  the  equator  to  the 
poles^  nearly  in  proportion  to  the  square  of  the  sine  of  the 
latitude.^  Consequently,  the  convexity  of  the  earth  dimi- 
nishes from  the  equator  to  the  poles. 

Were  the  earth  an  ellipsoid  of  revolution,  the  meridians 
would  be  ellipses  whose  lesser  axes  would  coincide  with 

1  Note  124.  3  i^ote  125.  3  Note  1&6. 
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^  axis  of  rotation^  and  all  the  degrees  measured  between 
the  pole  and  the  equator  would  give  the  same  compression 
when  combined  two  and  two.  That^  however^  is  far  from 
being'  the  case.  Scarcely  any  of  the  measurements  give 
exactly  the  same  results^  chiefly  on  account  of  local  attrac- 
tions^ which  cause  the  plumb-line  to  deviate  from  the  ver. 
ticaL  The  vicinity  of  mountains  has  that  efifect.  But 
one  of  the  most  remarkable^  though  not  unprecedented 
ttiomalies^  takes  place  in  the  plains  of  the  north  of  Italy^ 
where  the  action  of  some  dense  subterraneous  matter 
oauaes  the  plumb-line  to  deviate  seven  or  eight  times  more 
than  it  did  from  the  attraction  of  Chimborazo,  in  the  ex- 
periments of  Bonguer^  while  measuring  a  degree  of  the 
meridian  at  the  equator.  In  consequence  of  this  local  at- 
traction^ the  degrees  of  the  meridian  in  that  part  of  Italy 
aeem  to  increase  towards  the  equator  through  a  small  space^ 
instead  of  decreasing,  as  if  the  earth  was  drawn  out  at  the 
pcdes^  instead  of  being  flattened. 

Many  other  discrepancies  occur^  but  from  the  mean  of 
the  Ave  principal  measurements  of  arcs  in  Peru^  India^ 
France,  England,  and  Lapland^  Mr.  Ivory  has  deduced 
that  the  figure  whieh  most  nearly  follows  this  law  is  an 
dlipaoid  of  revolution  whose  equatorial  radius  is  3962*824 
miles,  and  the  polar  radius  3949*585  miles.  The  differ- 
ence, or  13*239  miles,  divided  by  the  equatorial  radius  is 
Y^  nearly.  This  fraction  is  called  the  compression  of  the 
earth,  and  does  not  differ  much  from  that  given  by  the 
lunar  inequalities.  If  we  assume  the  earth  to  be  a  sphere^ 
the  length  of  a  degree  of  the  meridian  is  69  ^V  ^^^^^^ 
miles.  Therefore  360  degrees,  or  the  whole  circumfer- 
ence of  the  globe,  is  24*856  miles,  and  the  diameter, 
which  is  something  less  than  a  third  of  the  circumference, 
is  about  7916,  or  8000  miles  nearly.  Eratosthenes,  who 
died  194  years  before  the  Christian  era,  was  the  first  to 
give  an  approximate  value  of  the  earth's  circumference,  by 
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the   measurement   of   an   arc   between    Alexandria    and 
Syene. 

There  is  another  method  of  finding  the  figure  of  the 
earth,  totally  different  from  the  preceding,  solely  depend- 
ing upon  the  increase  of  gravitation  from  the  equator  to 
the  poles.  The  force  of  gravitation  at  any  place,  is  mea- 
sured by  the  descent  of  a  heavy  body  during  the  first 
second  of  its  fall.  And  the  intensity  of  the  centrifugal 
force,  is  measured  by  the  deflection  of  any  point  from  the 
tangent  in  a  second.  For,  since  the  centrifugal  force 
balances  the  attraction  of  the  earth,  it  is  an  exact  measure 
of  the  gravitating  force.  Were  the  attraction  to  cease,  a 
body  on  the  surface  of  the  earth  would  fly  ofi^  in  the  tan- 
gent by  the  centrifugal  force,  instead  of  bending  round  in 
the  circle  of  rotation.  Therefore,  the  deflection. of  the 
circle  from  the  tangent  in  a  second,  measures  the  intensity 
of  the  earth's  attraction,  and  is  equal  to  the  versed  sine  of 
the  arc  described  during  that  time,  a  quantity  easily  de- 
termined from  the  known  velocity  of  the  earth*s  rotation. 
Whence  it  has  been  found,  that  at  the  equator  the  centri- 
fugal force  is  equal  to  the  289th  part  of  gravity.  Now, 
it  is  proved  by  analysis,  that  whatever  the  constitution  of 
the  earth  and  planets  may  be,  if  the  intensity  of  gravitation 
at  the  equator  be  taken  equal  to  unity,  the  sum  of  the 
compression  of  the  ellipsoid,  and  the  whole  increase  of 
gravitation  from  the  equator  to  the  pole,  is  equal  to  five 
halves  of  the  ratio  of  the  centrifugal  force  to  gravitation 
at  the  equator.  This  quantity  with  regard  to  the  earth 
is  |.  of  ^g,  or  YTS'l'  Consequently,  the  compression  of 
the  earth  is  equal  to  -rh--^  diminished  by  the  whole  in- 
crease of  gravitation.  So  that  its  form  will  be  known,  if 
the  whole  increase  of  gravitation  from  the  equator  to  the 
pole  can  be  determined  by  experiment.  This  has  been 
accomplished  by  a  method  founded  upon  the  following 
considerations :  —  If  the  earth  were  a  homogeneous  sphere 
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without  rotation^  its  attraction  on  bodies  at  its  surface 
would  be  every  where  the  same.  If  it  be  elliptical  and  of 
variable  density^  the  force  of  gravity^  theoretically^  ought 
to  increase  from  the  equator  to  the  pole^  as  unity  plus  a 
constant  quantity  multiplied  into  the  square  of  the  sine  of 
die  latitude.^  But  for  a  spheroid  in  rotation^  the  centxi- 
fugal  force  varies^  by  the  laws  of  mechanics^  as  the  square 
of  the  sine  of  the  latitude,  from  the  equator^  where  it  is 
greatest^  to  the  pole^  where  it  vanishes.  And  as  it  tends 
to  make  bodies  fly  off  the  surface^  it  diminishes  the  force 
of  gravity  by  a  small  quantity.  Hence,  by  gravitation, 
which  is  the  difference  of  these  two  forces,  the  fall  of 
bodies  ought  to  be  accelerated  from  the  equator  to  the  poles, 
proportionably  to  the  square  of  the  sine  of  the  latitude  ; 
and  the  weight  of  the  same  body  ought  to  increase  in  that 
ratio.  This  is  directly  proved  by  the  oscillations  ^of  the 
pendulum^  which,  in  fact,  is  a  falling  body ;  for  if  the 
fall  of  bodies  be  accelerated,  the  oscillations  will  be  more 
rapid :  in  order,  therefore,  that  they  may  always  be  per- 
formed in  the  same  time,  the  length  of  the  pendulum  must 
be  altered.  By  numerous  and  careful  experiments,  it  is 
proved  that  a  pendulum  which  oscillates  86,400  times  in  a 
mean  day  at  the  equator,  will  do  the  same  at  every  point 
of  the  earth's  surface,  if  its  length  be  increased  progressively 
to  the  pole,  as  the  square  of  the  sine  of  the  latitude. 

From  the  mean  of  these  it  appears  that  the  whole  decrease 
of  gravitation  from  the  poles  to  the  equator  is  0*005. 1449, 
which,  subtracted  from  ■jYy'2>  shows  that  the  compression 
of  the  terrestrial  spheroid  is  about  -^ui^-a^^'  This  value  has 
been  deduced  by  Mr.  Baily,  President  of  the  Astronomical 
Society,  who  has  devoted  much  attention  to  this  subject; 
at  the  same  time,  it  may  be  observed,  that  no  two  sets  of 
pendulum  experiments  give  the  same  result,  probably  from 
local  attractions.     Therefore,  the  question  cannot  be  con- 

>  Note  126.  2  Note  127. 
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sidered  as  definitiydy  settled^  though  the  difforenoes  are 
veTj  small.  The  compression  obtained  by  this  method  does 
not  differ  much  from  that  given  by  the  lunar  inequaliticflr^ 
nor  from  the  arcs  in  the  direction  of  the  meridian,  and  those 
perpendicular  to  it  The  near  coincidence  of  these  three 
values^  deduced  by  methods  so  entirely  independent  of  each 
other,  shows  that  the  mutual  tendencies  of  the  centres  of 
the  celestial  bodies  to  one  another,  and  the  attraction  of  the 
earth  for  bodies  at  its  surface,  result  from  the  redprocal 
attraction  of  all  their  particles.  Another  proof  may  he 
added.  The  nutation  of  the  earth's  axis,  and  the  precession 
of  the  equinoxes  ^,  are  occasioned  by  the  acticm  of  the  sun 
and  moon  on  the  protuberant  matter  at  the  earth's  equator. 
And  although  these  inequalities  do  not  give  the  abaolQte 
value  of  the  terrestrial  compression,  they  show  that  the 
fraction  expressing  it  is  comprised  between  the  limits  -^-g 

It  might  be  expected  that  the  same  compression  should 
result  from  each,  if  the  different  methods  of  observation 
could  be  made  without  error.  This,  however,  is  not  the 
case ;  for,  after  allowance  has  been  made  for  every  cause  of 
error,  such  discrepancies  are  found,  both  in  the  degrees  of 
the  meridian  and  in  the  length  of  the  pendulum,  as  show 
that  the  figure  of  the  earth  is  very  complicated.  But  they 
are  so  small,  when  compared  with  the  general  results,  that 
they  may  be  disregarded.  The  compression  deduced  from 
the  mean  of  the  whole  appears  not  to  differ  much  from 
•J  J  ^ ;  that  given  by  the  lunar  theory  has  the  advantage  of 
being  independent  of  the  irregularities  of  the  earth's  sur- 
face and  of  local  attractions.  The  regularity  with  which 
the  observed  variation  in  the  length  of  the  pendulum 
follows  the  law  of  the  square  of  the  sine  of  the  latitude, 
proves  the  strata  to  be  elliptical,  and  symmetrically  disposed 
round  the  centre  of  gravity  of  the  earth,  which  affords  a 

>  Note  143. 
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Strong  presumption  in  favour  of  its  original  fluidity.  It  is 
remarkable  how  little  influence  the  sea  has  on  the  va- 
riation of  the  lengths  of  the  arcs  of  the  meridian^  or  on 
gravitation ;  neither  does  it  much  affect  the  lunar  ine- 
qualities^ from  its  density  being  only  about  a  fifth  of  the 
mean  density  of  the  earth.  For,  if  the  earth  were  to  become 
fluid  after  being  stripped  of  the  ocean,  it  would  assume  the 
form  of  an  ellipsoid  of  revolution  whose  compression  is 
Tiri*?^  which  differs  very  little  from  that  determined  by 
observation,  and  proves,  not  only  that  the  density  of  the 
oeean  is  inconsiderable,  but  that  its  mean  depth  is  very 
simill.  There  may  be  profound  cavities  in  the  bottom  of 
the  sea,  but  its  mean  depth  probably  does  not  much  exceed 
the  mean  height  of  the  continents  and  islands  above  its 
level.  On  this  account,  immense  tracts  of  land  may  be 
deserted  or  overwhelmed  by  the  ocean,  as  appears  really  to 
have  been  the  case,  without  any  great  change  in  the  form 
of  the  terrestrial  spheroid.  The  variation  in  the  length  of 
the  pendulum  was  first  remarked  by  Richter  in  1672, 
while  observing  transits  of  the  fixed  stars  across  the  meri- 
dian at  Cayenne,  about  five  degrees  north  of  the  equator. 
He  found  that  his  clock  lost  at  the  rate  of  2°^  28>  daily, 
which  induced  him  to  determine  the  length  of  a  pendulum 
beating  seconds  in  that  latitude  ;  and  repeating  the  ex. 
periments  on  his  return  to  £urope,  he  found  the  seconds' 
pendulum  at^  Paris  to  be  more  than  the  twelfth  of  an  inch 
longer  than  that  at  Cayenne.  The  form  and  size  of  the 
earth  being  determined,  a  standard  of  measure  is  furnished 
with  which  the  dimensions  of  the  solar  system  may  be  com- 
pared. 
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SECTION  VII. 

PARALLAX. LUNAR  PARALLAX  FOUND  FROM  DIRECT  OBSERVATION. 

—  SOLAR    PARALLAX    DEDUCED    FROM   THE   TRANSIT  OF  VENUS. 

DISTANCE  OF  THE   SUN  FROM   THE    EARTH. ANNUAL  PARALLAX. 

—  DISTANCE    OF  THE    FIXED    STARS. 

k 

The  parallax  of  a  celestial  body  is  the  angle  under  which 
the  radius  of  the  earth  would  be  seen^  if  viewed  from  the 
centre  of  that  body ;  it  affords  the  means  of  ascertaining 
the  distances  of  the  sun^  moon,  and  planets.  ^  When  the 
moon  is  in  the  horizon  at  the  instant  of  rising  or  setting, 
suppose  lines  to  be  drawn  from  her  centre  to  the  spectator 
and  to  the  centre  of  the  earth  :  these  would  form  a  right- 
angled  triangle  with  the  terrestrial  radius^  which  is  of  a 
known  length  ;  and  as  the  parallax  or  angle  at  the  moon 
can  be  measured,  all  the  angles  and  one  side  are  given ; 
whence  the  distance  of  the  moon  from  the  centre  of  the 
earth  may  be  computed.  The  parallax  of  an  object  may 
be  found,  if  two  observers  under  the  same  meridian,  but  at 
a  very  great  distance  from  one  another,  observe  its  zenith 
distances  on  the  same  day  at  the  time  of  its  passage  over 
the  meridian.  By  such  contemporaneous  observations  at 
the  Cape  of  Good  Hope  and  at  Berlin,  the  mean  horizontal 
parallax  of  the  moon  was  found  to  be  3459  ^  whence  the 
mean  distance  of  the  moon  is  about  sixty  times  the  mean 
terrestrial  radius,  or  237,360  miles  nearly.  Since  the  pa- 
rallax is  equal  to  the  radius  of  the  earth  divided  by  the 
distance  of  the  moon,  it  varies  with  the  distance  of  the  moon 
from  the  earth  under  the  same  parallel  of  latitude,  and 
proves  the  ellipticity  of  the  lunar  orbit.     When  the  moon 
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is  at  her  mean  distance,  it  varies  with  the  terrestrial  radii^ 
thus  showing  that  the  earth  is  not  a  sphere.  ^ 

Although  the  method  described  is  sufficiently  accurate 
for  finding  the  parallax  of  an  object  as  near  as  the  moon, 
it  will  not  answer  for  the  sun,  which  is  so  remote  that  the 
smallest  error  in  observation  would  lead  to  a  false  result. 
But  that  difficulty  is  obviated  by  the  transits  of  Venus. 
M^en  that  planet  is  in  her  nodes  2,  or  within  1^°  of  them, 
that  is,  in,  or  nearly  in,  the  plane  of  the  ecliptic,  she  is  oc- 
casionally seien  to  pass  over  the  sun  hke  a  black  spot.  If 
we  could  imagine  that  the  sun  and  Venus  had  no  parallax, 
the  line  described  by  the  planet  on  his  disc,  and  the  du- 
ration of  the  transit  would  be  the  same  to  all  the  inha- 
bitants of  the  earth.  But  as  the  semi-diameter  of  the  earth 
has  a  sensible  magnitude  when  viewed  from  the  centre  of 
the  sun,  the  line  described  by  the  planet  in  its  passage 
over  his  disc  appears  to  be  nearer  to  his  centre,  or  farther 
from  it,  according  to  the  position  of  the  observer  ;  so  that 
the  duration  of  the  transit  varies  with  the  different  points 
of  the  earth's  surface  at  which  it  is  observed.^  This  dif- 
ference of  time,  being  entirely  the  effect  of  parallax,  fur- 
nishes the  means  of  computing  it  from  the  known  motions 
of  the  earth  and  Venus,  by  the  same  method  as  for  the 
eclipses  of  the  sun.  In  fact,  the  ratio  of  the  distances  of 
Venus  and  the  sun  from  the  earth  at  the  time  of  the  transit 
are  known  from  the  theory  of  their  elliptical  motion.  Con- 
sequently the  ratio  of  the  parallaxes  of  these  two  bodies 
being  inversely  as  their  distances,  is  given  ;  and  as  the 
transit  gives  the  diflference  of  the  parallaxes,  that  of  the 
sun  is  obtained.  In  1769^  the  parallax  of  the  sun  was 
determined  by  observations  of  a  transit  of  Venus  made  at 
Wardhus  in  Lapland,  and  at  Otaheite  in  the  South  Sea. 
The  latter  observation  was  the  object  of  Cook's  first  voyage. 
The  transit  lasted  about  six  hours  at  Otaheite,  and  the  dif- 
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ference  in  duration  at  these  two  stations  was  eight  minutes ; 
whence  the  sun's  horizontal  parallax  was  found  to  be  8^^*7S. 
But  by  other  considerations  it  has  been  reduced  by  Professor 
Encke^  to  8^^*5776 ;  from  which  the  mean  distance  of  the 
sun  appears  to  be  about  ninety-five  millions  of  miles.  This 
is  confirmed  by  an  inequality  in  the  motion  of  the  moon, 
which  depends  upon  the  parallax  of  the  sun^  and  whioii^ 
when  compared  with  observation^  gives  S'''6  for  the  sun's 
parallax. 

The  parallax  of  Venus  is  determined  by  her  transits ; 
that  of  Mars^  by  direct  observation,  and  it  is  foimd  to  be 
nearly  double  that  of  the  sun^  when  the  planet  is  in  oppo- 
sition. The  distance  of  these  two  planets  from  the  earth 
is  therefore  known  in  terrestrial  radii^  consequently  their 
mean  distances  from  the  sun  may  be  computed ;  and  as 
the  ratios  of  the  distances  of  the  planets  from  the  sun  are 
known  by  Kepler's  law^  of  the  squares  of  the  periodic  times 
of  any  two  planets  being  as  the  cubes  of  their  mean  dis- 
tances from  the  sun,  their  absolute  distances  in  miles  are 
easily  found.  ^  This  law  is  very  remarkable,  in  thus  unit- 
ing all  the  bodies  of  the  system,  and  extending  to  the 
satellites  as  well  as  the  planets. 

Far  as  the  earth  seems  to  be  from  the  sun,  Uranus  is  no 
less  than  nineteen  times  farther.  Situate  on  the  verge  of 
the  system,  the  sun  must  appear  to  it  not  much  larger 
than  Venus  does  to  us.  The  earth  cannot  even  be  visible 
as  a  telescopic  object  to  a  body  so  remote.  Yet  man,  the 
inhabitant  of  the  earth,  soars  beyond  the  vast  dimensions 
of  the  system  to  which  his  planet  belongs,  and  assumes  the 
diameter  of  its  orbit  as  the  base  of  a  triangle,  whose  apex 
extends  to  the  stars. 

Sublime  as  the  idea  is,  this  assumption  proves  ineffectual ; 
for  the  apparent  places  of  the  fixed  stars  are  not  sensibly 
changed  by  the  earth's  annual  revolution.     M^ith  the  aid 
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ed  from  the  refinements  of  modern  astronomy^  and 
i  most  perfect  instruments^  it  is  still  a  matter  of  doubt^ 
lier  a  sensible  parallax  has  been  detected  even  in  the 
!8t  of  these  remote  suns.     If  a  fixed  star  had  the  pa- 
c  of  one  second,  it  would  be  215^789  times  farther 
the  sun  than  the  earth  is.     At  such  a  distance  not 
the  terrestrial  orbit  shrinks  to  a  pointy  but  the  whole 
system  seen  in  the  focus  of  the  most  powerful  tele. 
i,  might  be  eclipsed  by  the  thickness  of  a  spider's 
id.     Lights  flying  at  the  rate  of  200^000  miles  in  a 
id^  would  take  three  years  and  seven  days  to  travel 
that  space.     One  of  the  nearest  stars  may  therefore 
(  been  kindled  or  extinguished  more  than  three  years, 
re  we  could  have  been  aware  of  so  mighty  an  event, 
this  distance  must  be  small^  when  compared  with 
of  the  most  remote  of  the  bodies  which  are  visible  in 
beavens.     The  fixed  stars  are  undoubtedly  luminous 
the  sun ;  it  is  therefore  probable  that  they  are  not 
er  to  one  another  than  the  sun  is  to  the  nearest  of 
a.     In  the  milky  way  and  the  other  starry  nebulse^ 
e  of  the  stars  that  seem  to  us  to  be  close  to  others^  may 
*ar  behind  them  in  the  boundless  depth  of  space  ;  nay, 
'■  be  rationally  supposed  to  be  situate  many  thousand 
*s  farther  of.     Light  would  therefore  require  thousands 
jrears  to  come  to  the  earth  from  those  myriads  of 
{   of  which    our  own  is  but   ^^the  dim  and  remote 
panion." 
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The  masses  of  such  planets  as  have  no  satellites^  are  known 
by  comparing  the  inequalities  they  produce  in  the  motions 
of  the  earth  and  of  each  other^  determined  theoretically^ 
with  the  same  inequalities  given  by  observation ;  for  the 
disturbing  cause  must  necessarily  be  proportional  to  the  ef- 
fect it  produces.  The  masses  of  the  satellites  themselves 
may  also  be  compared  with  that  of  the  sun  by  their  pertur- 
bations. Thus,  it  is  found,  from  the  comparison  of  a  vast 
number  of  observations,  with  La  Place's  theory  of  Jupiter's 
satellites,  that  the  mass  of  the  sun  is  no  less  than  65,000,000 
times  greater  than  the  least  of  these  moons.  But  as  the 
quantities  of  matter  in  any  two  primary  planets,  are  di^ 
rectly  as  the  cubes  of  the  mean  distances  at  which  their 
satellites  revolve,  and  inversely  as  the  squares  of  their  pe- 
riodic times  ^,  the  mass  of  the  sun  and  of  any  planets 
which  have  satellites,  may  be  compared  with  the  mass  of 
the  earth.  In  this  manner  it  is  computed  that  the  mass 
of  the  sun  is  354,  936  times  that  of  the  earth  ;  whence  the 
great  perturbations  of  the  moon,  and  the  rapid  motion  of 
the  perigee  and  nodes  of  her  orbit.  ^  Even  Jupiter,  the 
largest  of  the  planets,  has  recently  been  found  by  Professor 
Airy  to  be  1048  times  less  than  the  sun  ;  and, 'indeed,  the 
mass  of  the  whole  Jovial  System  is  not  more  than  the 
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1047*7tli  part  of  that  of  the  sun.  So  that  the  mass  of 
the  satellites  hears  a  very  small  proportion  to  that  of  their 
primary.  Th6  mass  of  the  moon  is  determined  from  se- 
veral sources  —  from  her  action  on  the  terrestrial  equator, 
which  occasions  the  nutation  in  the  axis  of  rotation ;  from 
her  horizontal  parallax;  from  an  inequality  she  produces  in 
the  sun^s  longitude;  and  from  her  action  on  the  tides.  The 
three  first  quantities,  computed  from  theory  and  compared 
with  their  ohserved  values,  give  her  mass  respectively  equal 
to  the  Tjij-,  -Tf^.^f  and  ^.^  part  of  that  of  the  earth, 
which  do  not  differ  much  from  each  other.  Dr.  Brinkley, 
Bishop  of  Cloyne,  has  found  it  to  he  -^^  from  the  constant 
of  lunar  nutation  ;  hut  from  the  moon's  action  in  raising 
the  tides,  her  mass  appears  to  he  about  the  -^  part  of 
that  of  the  earth  -*  a  value  that  cannot  differ  much  from 
the  truth. 

vThe  apparent  diameters  of  the  sun,  moon,  and  planets 
are  determined  by  measurement ;  therefore  their  real  dia- 
meters may  be  compared  with  that  of  the  earth  ;  for  the 
real  diameter  of  a  planet,  is  to*  the  real  diameter  of  the 
'earth,  or  791 6  miles,  as  the  apparent  diameter  of  the  planet 
to  the  apparent  diameter  of  the  earth  as  seen  from  the 
planet,  that  is,  to  twice  the  parallax  of  the  planet.  Ac- 
cording to  Professor  Bessel,  the  mean  apparent  diameter  of 
the  sun  is  1922^',  and  with  the  solar  parallax  8^'*5776,  it 
will  be  found  that  the  diameter  of  the  sun  is  about  886,877 
miles.  Therefore  if  the  centre  of  the  sun  were  to  coincide 
with  the  centre  of  the  earth,  his  volume  would  not  only 
include  the  orbit  of  the  moon,  but  would  extend  nearly  as 
far  again  ;  for  the  moon's  mean  distance  from  the  earth  is 
about  sixty  times  the  earth's  mean  radius,  or  237,360 
miles :  so  that  twice  the  distance  of  the  moon  is  474,720 
miles,  which  differs  but  little  from  the  solar  radius ;  his 
equatorial  radius  is  probably  not  much  less  than  the  \n%.^Qit 
•xifi  of  the  lunar  orbiL    The  diameter  of  the  moon  *\%  ot\^ 
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2160  miles';  and  Jupiter's  diameter  of  87>000  milea  is  Tery 
much  less  than  that  of  the  sun ;  the  diameter  of  Pallas 
does  not  much  exceed  79  miles,  so  that  an  inhabitant  of 
that  planet,  in  one  of  our  steam  carriages,  might  go  round 
his  world  in  a  few  hours. 

The  densities  of  bodies  are  proportional  to  thar  masses, 
divided  by  their  volumes.  Hence,  if  the  sun  and  planets 
be  assumed  to  be  spheres,  their  volumes  will  bef  as  the 
cubes  of  their  diameters.  Now,  the  apparent  diaineters 
of  the  sun  and  earth,  at  their  mean  distance,  are  1QZ%^' 
and  17^^*1552,  and  the  mass  of  the  earth  is  the  354(,936th 
part  of  that  of  the  sun  taken  as  the  unit.  It  follows,  there-'' 
fore,  that  the  earth  is  nearly  four  times  as  dense  as  the 
sun.  But  the  sun  is  so  large,  that  his  attractiye  force 
would  cause  bodies  to  fall  through  about  SS4r65  feet  in  a 
second.  Consequently,  if  he  were  habitable  by  human 
beings,  they  would  be  unable  to  move,  since  their  weight 
would  be  thirty  times  as  great  as  it  is  here.  A  man  of 
moderate  size  would  weigh  about  two  tons  at  the  surface 
of  the  sun ;  whereas,  at  the  surface  of  the  four  new  planets 
he  would  be  so  light,  that  it  would  be  impossible  to  stand 
steady,  since  he  would  only  weigh  a  few  poimds.  All  the 
planets  and  satellites  appear  to  be  of  less  density  than  the 
earth.  The  motions  of  Jupiter's  satellites  show  that  his 
density  increases  towards  his  centre.  Were  his  mass  homo- 
geneous, his  equatorial  and  polar  axes  would  be  in  the 
ratio  of  41  to  36,  whereas  they  are  observed  to  be  only  as 
41  to  38.  The  singular  irregularities  in  the  form  of 
Saturn,  and  the  great  compression  of  Mars,  prove  the 
internal  structure  of  these  two  planets  to  be  very  far  from 
uniform. 

Before  entering  on  the  theory  of  rotation,  it  may  not 
be  foreign  to  the  subject,  to  give  some  idea  of  the  methods 
of  computing  the  places  of  the  planets,  and  of  forming  as- 
tronomical tables.    Astronomy  is  now  divided  into  the  thret 
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distinct  departments^  of  theory^  observation,  and  comput- 
ation. Since  the  problem  of  the  three  bodies  can  only  be 
solved  by  approximation,  the  analytical  astronomer  deter- 
mines the  position  of  a  planet  in  space,  by  a  series  of 
corrections.  Its  place  in  its  circular  orbit  is  first  found, 
then  the  addition  or  subtraction  of  the  equation  of  the 
centre^  to  or  from  its  mean  place,  gives  its  position  in  the 
^pse.  This  again  is  corrected  by  the  appHcation  of  the 
principal  periodic  inequalities.  But  as  these  are  deter, 
mined  for  some  particular  position  of  the  three  bodies, 
they  require  to  be  corrected  to  suit  other  relative  positions. 
This  process  is  continued  till  the  corrections  become  less 
iimn  the  errors  of  observation,  when  it  is  obviously  un« 
neeenary  to  carry  the  approximation  further.  The  true 
latitade  and  distance  of  the  planet  from  the  sim  are  ob« 
tdned  by  methods  similar  to  those  employed  for  the 
longitude. 

As  the  earth  revolves  equably  about  its  axis  in  24  hours, 
at  the  rate  of  15^  in  an  hour,  time  becomes  a  measure  of 
sngnlar  motion,  and  the  principal  element  in  astronomy, 
where  the  object  is  to  determine  the  exact  state  of  the 
heavens,  and  the  successive  changes  it  undergoes  in  all 
ages,  past,  present,  and  to  come.  Now  the  longitude,  lati- 
tude, and  distance  of  a  planet  from  the  sun,  are  given  in 
terms  of  the  time,  by  general  analytical  formuls.  These 
formuls  will  consequently  give  the  exact  place  of  the  body 
in  the  heavens,  for  any  time  assumed  at  pleasure,  provided 
they  can  be  reduced  to  numbers.  But  before  the  calcu- 
lator begins  his  task,  the  observer  must  furnish  the  neces- 
sary data,  which  are,  obviously,  the  forms  of  the  orbits, 
and  their  positions  with  regard  to  the  plane  of  the  ecliptic^ 
It  is  therefore  necessary  to  determine  by  observation  for 
each  planet,  the  length  of  the  major  axis  of  its  orbit,  the 
excentridty,  the  inclination  of  the  orbit  to  the  plane  of  the 
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ediptic^  the  longitudes  of  its  perihelion  and  ascending  node 
at  a  given  time^  the  periodic  time  of  the  planet,  and  its 
longitude  at  any  instant  arbitrarily  assumed,  aa  an  origin 
from  whence  all  its  subsequent  and  antecedent  longitudes 
are  estimated.  Each  of  these  quantities  is  determined  from 
that  position  of  the  planet  on  which  it  has  most  influence. 
For  example,  the  sum  of  the  greatest  and  least  distances  of 
the  planet  from  the  sun  is  equal  to  the  major  axis  of  the 
orbit^  and  their  difference  is  equal  to  twice  the  excentri- 
city.  The  longitude  of  the  planet  when  at  its  least  disr 
tance  from  the  sun^  is  the  same  with  the  longitude  of  the 
perihelion  ;  the  greatest  latitude  of  the  planet  is  equal  to 
the  inclination  of  the  orbit ;  the  longitude  of  the  planet^ 
when  in  the  plane  ,of  the  ecliptic  in  passing  towards  the 
norths  is  the  longitude  of  the  ascending  node^  and  the 
periodic  time  is  the  interval  between  two  consecutive  pas- 
sages of  the  planet  through  the  same  node^  a  small  cor- 
rection being  made  for  the  precession  of  the  node,  during 
the  revolution  of  the  planet.  ^  Notwithstanding  the  excel- 
lence of  instruments  and  the  accuracy  of  modern  observers^ 
unavoidable  errors  of  observation  can  only  be  compensated 
by  finding  the  value  of  each  element  from  the  mean  of  a 
thousand^  or  even  many  thousands  of  observations.  For 
as  it  is  probable  that  the  errors  are  not  all  in  one  direction, 
but  that  some  are  in  excess  and  others  in  defect,  they  will 
compensate  each  other  when  combined. 

However,  the  values  of  the  elements  determined  sepa- 
rately can  only  be  regarded  as  approximate,  because  they 
are  so  connected,  that  the  estimation  of  any  one  indepen- 
dently, will  induce  errors  in  the  others.  The  excentricity 
depends  upon  the  longitude  of  the  perihelion,  the  mean 
motion  depends  upon  the  msgor  axis,  the  longitude  of  the 
node  upon  the  inclination  of  the  orbit,  and  vice  versiL 
Consequently,  the  place  of  a  planet  computed  with  the  ap^ 
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jmndmate  data  will  differ  from  its  observed  place.  Thetl^ 
the  difficulty  is  to  ascertain  what  elements  are  most  in  fault, 
Bince  th^  difference  in  question  is  the  error  of  all ;  that  is 
obviated  by  finding  the  errors  of  some  thousands  of  observ- 
ations^ and  combining  them^  so  as  to  correct  the  elements 
simultaneously^  and  to  make  the  sum  of  the  squares  of  the 
errors  a  minimum  with  regard  to  each  element^  The 
method  of  accomplishing  this  depends  upon  the  Theory  of 
Probabilities ;  a  subject  fertile  in  most  important  results 
in  the  various  departments  of  science  and  of  civil  life,  and 
quite  indispensable  in  the  determination  of  astronomical 
data.  A  series  of  observations  continued  for  some  years^ 
vrill  give  approximate  values  of  the  secular  and  periodic 
inequalities^  which  must  be  corrected  from  time  to  time^ 
till  theory  and  observation  agree.  And  these  again  will 
give  values  of  the  masses  of  the  bodies  forming  the  solar 
system^  which  are  important  data  in  computing  their  mo- 
tions. The  periodic  inequalities  derived  from  a  great  num- 
ber of  observations  are  employed  for  the  determination  of 
the  values  of  the  masses  till  such  time  as  the  secular 
inequalities  shall  be  perfectly  known,  which  will  then  give 
them  with  all  the  necessary  precision.  When  all  these 
quantities  are  determined  in  numbers^  the  longitude^  lati- 
tude^ and  distance  of  the  planet  from  the  sun  are  computed 
for  stated  intervals^  and  formed  into  tables^  arranged  ac- 
cording to  the  time  estimated  from  a  given  epoch,  so  that 
the  place  of  the  body  may  be  determined  from  them  by  in- 
spection alone,  at  any  instant,  for  perhaps  a  thousand  years 
before  and  after  that  epoch.  By  this  tedious  process^  tables 
have  been  computed  for  eleven  planets,  besides  the  moon 
and  the  satellites  of  Jupiter.  In  the  present  state  of  astro, 
nomy,  the  masses  and  elements  of  the  orbits  are  pretty  well 
known,  so  that  the  tables  only  require  to  be  corrected  from 
time  to  time  as  observations  become  more  accurate.    Those 
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containing  the  motioni  of  Jupiter,  8atiirn>  and  Uranus,  hare 
already  been  twice  constructed  within  the  last  thirty  years. 
The  tables  of  Jupiter  and  Saturn  agree  almost  perfectly 
with  modem  observation ;  those  of  Uranus,  however^  are 
already  defective,  probably  because  the  discovery  of  diat 
planet  in  1781  is  too  recent  to  admit  of  much  predston 
in  the  determination  of  its  motions,  or  that  possibly  it 
may  be  sulgect  to  disturbances  ftom  some  unseen  phmet 
revidving  about  the  sun  beyond  the  present  boundaries  of 
Our  system.  If,  after  a  lapse  of  years,  the  tables  formed 
fron^  a  combination  of  numerous  observations  should  be 
still  inadequate  to  represent  the  motbns  of  Uranus,  the 
discrepancies  may  reveal  the  existence,  nay  even  die  voMm 
and  orbit  of  a  body  placed  for  ever  beyond  the  sphere  of 
vision. 

The  tables  of  Mars,  Venus,  Mercury,  and  even  ihoie  of 
the  Sun,  require  amendment,  and  occupy  the  attention  of 
Professor  Airy  and  other  distinguished  astronomers.  We 
are  chiefly  indebted  to  the  German  astronomers  for  tables 
of  the  four  new  planets  which  are  astonishingly  perfect, 
considering  that  these  bodies  have  not  been  discovered  more 
than  thirty  years,  and  a  much  longer  time  is  requisite  to 
develope  their  inequalities. 
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The  oUate  form  of  several  of  the  planets  Indicates  rota- 
tory motion.  This  has  heen  confirmed  in  most  cases^  hy 
tradng  spots  on  their  surface^  hy  which  their  poles  and 
times  of  rotation  have  been  determined.  The  rotation  of 
Mercury  is  unknown^  on  account  of  his  proximity  to  the 
son;  diat  of  the  new  planets  has  not  yet  been  ascer- 
tained. The  sun  revolves  in  twenty-five  days  and  ten 
hoars  about  an  axis  which  is  directed  towards  a  point  half- 
way between  the  pole-star  and  Lyra^  the  plane  of  rotation 
being  inclined  by  7°  SO^,  or  a  little  more  than  seven  degrees, 
to  the  plane  of  the  ecliptic :  it  may  therefore  be  concluded 
that  the  sun's  mass  is  a  spheroid,  flattened  at  the  poles. 
From  the  rotation  of  the  sun,  there  is  every  reason  to  be- 
lieve that  he  has  a  progressive  motion  in  space,  although 
the  direction  to  which  he  tends  is  unknown.  But^  in  con- 
sequence of  the  re-action  of  the  planets,  he  describes  a  small 
irregular  orbit  about  the  centre  of  gravity  of  the  system^ 
never  deviating  from  his  position  by  more  than  twice  his 
own  diameter^  or  a  little  more  than  seven  times  the  dis- 
tance of  the  moon  from  the  earth.  The  sun  and  all  his 
attendants  rotate  from  west  to  east,  on  axes  that  remain 
nearly  parallel  to  themselves  *  in  every  point  of  their  orbit, 
and  with   angular  velocities   that  are  sensibly  uniform.^ 

1  Note  197.  3  Note  IS8. 
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Althoogh  the  unifoniiitj  in  die  diicdioo  of  Acir  lotatioii 
is  a  ciicimutaiioe  hitherto  anoecomtcd  lor  in  ihe  ceononiy 
of  nature,  jet  from  die  design  and  adaptatioB  of  evcij 
other  part  to  the  perfection  of  the  whole,  a  comcidmce  ao 
remarkable  cannot  be  arridfntal,  And  as  the  icrofadioiis 
of  the  planeU  and  satdKtes  are  abo  firom  wot  to  eail^  it  is 
erident  diat  both  most  have  ariaen  from  the  prinutife 
caoae  which  determined  the  planetary  moCkxis.  Indeed, 
La  Place  has  competed  the  probafailitj  to  be  as  fiNir  mil- 
lions to  one,  that  all  the  motions  of  the  planets^  both  of 
rotation  and  rerolntion,  were  at  onee  imparted  by  an 
original  eommon  canse,  bnt  of  which  we  know  neidier  the 
nature  nor  the  epoch. 

The  larger  planets  rotate  in  shorter  periods  than  iSbt 
smaller  planets  and  the  earth.  Their  comptcasion  is  con- 
sequently greater,  and  the  action  of  the  son  and  of  fSbat 
satellites  occasions  a  nutation  in  their  axes,  and  a  preces- 
sion of  their  equinoxes^  similar  to  that  which  obtains  in 
the  terrestrial  spheroid^  from  the  attraction  of  the  sun  and 
moon  on  the  prominent  matter  at  the  equator.  Jupiter 
revolves  in  less  than  ten  hours  about  an  axis  at  right  angles 
to  certain  dark  belts,  or  bands,  which  always  cross  his 
equator.  This  rapid  rotation  occasions  a  very  great  com- 
pression in  his  form.  His  equatorial  axis  exceeds  his  'ptAar 
axis  by  6000  miles,  whereas  the  difference  in  the  axes  of 
the  earth  is  only  about  twenty-six  and  a  half.  It  is  an  evi- 
dent consequence  of  Kepler's  law  of  the  squares  of  the 
periodic  times  of  the  planets  being  as  the  cubes  of  the 
major  axes  of  their  orbits,  that  the  heavenly  bodies  move 
slower  the  farther  they  are  from  the  sun.  In  comparing 
the  periods  of  the  revolutions  of  Jupiter  and  Saturn  with 
the  times  of  their  rotation,  it  appears  that  a  year  of  Jupiter 
contains  nearly  ten  thousand  of  his  days,  and  that  of 
flfttnrn  about  thirty  thousand  Satumian  days. 

1  Note  144. 
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The  appearance  of  Saturn  is  unparalleled  in  the  system 
of  the  world.     He  is  a  spheroid  nearly  1000  times  larger 
than  the  earthy  surrounded  hy  a  ring  e^en  brighter  than 
himself^  which  always  remains  suspended  in  the  plane  of 
his  equator :  and,  viewed  with  a  very  good  telescope,  it  is 
found  to  consist  of  two  concentric  rings,  divided  hy  a  dark 
band.    The  mean  distance  of  the  interior  part  of  this  double 
ring  from  the  surface  of  the  planet  is  about  22,240  miles, 
it  is  no  less  than  33,360  miles  broad,  but,  by  the  estimation 
of  Sir  John  Herschel,  its  thickness  does  not  much  exceed 
100  miles,  so  that  it  appears  like  a  plane.     By  the  laws 
of  mechanics,  it  is  impossible  that  this  body  can  retain 
its  position  by  the  adhesion  of  its  particles  alone.    It  must 
necessarily  revolve  with  a  velocity  that  will  generate  a  cen- 
trifugal force  sufficient  to  balance  the  attraction  of  Saturn. 
Observation  confirms  the  truth  of  these  principles,  showing 
that  the  rings  rotate  from  west  to  east  about  the  planet  in 
ten  hours  and  a  half,  which  is  nearly  the  time  a  satellite 
would  take  to  revolve  about  Saturn  at  the  same  distance. 
Their   plane   is   inclined  to  the  ecliptic,  at  an  angle  of 
28°  39^  45'';  in  consequence  of  this  obliquity  of  position, 
they  always  appear  elliptical  to  us,  but  with  an  excentricity 
so  variable,  as  even  to  be  occasionally  like  a  straight  line 
drawn  across  the  planet.     In  the  beginning  of  October, 
1832,  the  plane  of  the  rings  passed  through  the  centre  of 
the  earth ;  in  that  position  they  are  only  visible  with  very 
superior  instruments,  and  appear  like  a  fine  line  across  the 
disc  of  Saturn.     About  the  middle  of  December,  in  the 
same  year,  the  rings  became  invisible^  with  ordinary  instru- 
ments, on  account  of  their  plane  passing  through  the  sun. 
In  the  end  of  April,  1833,  the  rings  vanished  a  second 
time,  and  re-appeared  in  June  of  that  year.     Similar  phe- 
nomena will  occur  in  1847,  and  generally  as  often  as  Saturn 
has  the  same  longitude  with  either  node  of  his  rings.    Each 
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side  of  these  rings  has  slternatelj  fifteen  yean  of  sunshine 
and  fifteen  years  of  darkness. 

It  is  a  singular  result  of  theory^  that  the  rings  could  not 
maintain  their  stability  of  rotation,  if  they  were  every  where 
of  uniform  thickness ;  for  the  smallest  disturbance  would 
destroy  the  equilibrium,  which  would  become  more  and 
more  deranged,  till,  at  last,  they  would  be  precipitated  on 
the  surface  of  the  planet.  The  rings  of  Saturn  must  thore. 
fore  be  irregular  soKds,  of  unequal  breadth  in  difibrent 
parts  of  the  circumference,  so  that  their  centres  of  grayity 
do  not  coincide  with  the  centres  of  their  figures.  Profes* 
sor  Struve  has  also  discbyered  that  the  centre  of  the  ring 
is  not  concentric  with  the  centre  of  Saturn.  The  interval 
between  the  outer  edge  of  the  globe  of  the  planet  and  the 
outer  edge  of  the  ring  on  one  side,  is  ll'^OTS,  and,  on 
the  other  side,  the  interval  is  ll^'^'SSS,  consequently  there 
is  an  excentricity  of  the  globe  in  the  ring  of  O'^'SIS.  If 
the  rings  obeyed  different  forces,  they  would  not  remain 
in  the  same  plane,  but  the  powerful  attraction  of  Saturn 
always  maintains  them  and  his  satellites  in  the  plane  of  his 
equator.  The  rings,  by  their  mutual  action,  and  that  of 
the  sun  and  satellites,  must  oscillate  about  the  centre  of 
Saturn,  and  produce  phenomena  of  light  and  shadow  whose 
periods  extend  to  many  years.  According  to  M.  Bessel 
the  mass  of  Saturn's  ring  is  equal  to  the  -^^  part  of  that 
of  the  planet. 

The  periods  of  rotation  of  the  moon  and  the  other  satel- 
lites are  equal  to  the  times  of  their  revolutions,  consequently 
these  bodies  always  turn  the  same  face  to  their  primaries. 
However,  as  the  mean  motion  of  the  moon  is  subject  to  a 
secular  inequality,  which  will  ultimately  amount  to  many 
circumferences  i,  if  the  rotation  of  the  moon  were  perfectly 
uniform,  and  not  effected  by  the  same  inequalities,  it  would 
cease  exactly  to  counterbalance  the  motion  of  revolution ; 

>  Note  107. 
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tod  the  moon^  in  the  course  of  ages^  would  saccesnvely 
and  gradually  discover  every  point  of  her  surface  to  the 
earth.  But  theory  proves  that  this  never  can  happen ; 
for  the  rotation  of  the  moon,  though  it  does  not  partake 
of  the  periodic  inequalities  of  her  revolution,  is  affected 
by  the  same  secular  variations,  so  that  her  motions  of 
rotation  and  revolution  round  the  earth  will  always  balance 
each  other,  and  remain  equal.  This  cbcumstance  arises 
from  the  form  of  the  lunar  spheroid,  which  has  three 
principal  axes  of  different  lengths  at  right  angles  to  each 
other. 

The  moon  is  flattened  at  her  poles  from  her  centrifugal 
force,  therefbre  her  polar  axis  is  the  least.  The  other  two 
are  in  the  plane  of  her  equator,  but  that  directed  towards 
the  earth  is  the  greatest.  ^  The  attraction  of  the  earth,  as 
if  it  had  drawn  out  that  part  of  the  moon's  equator,  con- 
stantly  brings  the  greatest  axis,  and  consequently  the  same 
hemisphere,  towards  us,  which  makes  her  rotation  par- 
ticipate in  the  secular  variations  of  her  mean  motion  of 
revolution.  Even  if  the  angular  velocities  of  rotation  and 
revolution  had  not  been  nicely  balanced  in  the  beginning  of 
the  moon's  motion,  the  attraction  of  the  earth  would  have 
recalled  the  greatest  axis  to  the  direction  of  the  line  join- 
ing the  centres  of  the  moon  and  earth ;  so  that  it  would 
have  vibrated  on  each  side  of  that  line,  in  the  same  manner 
as  a  pendulum  oscillates  on  each  side  of  the  vertical  from 
the  influence  of  gravitation.  No  such  libration  is  per- 
ceptible ;  and  as  the  smallest  disturbance  would  make  it 
evident,  it  is  clear  that,  if  the  moon  has  ever  been  touched 
by  a  comet,  the  mass  of  the  latter  must  have  been  extremely 
small.  If  it  had  been  only  the  hundred  thousandth  part 
of  that  of  the  earth,  it  would  have  rendered  the  libration 
sensible.  According  to  analysis,  a  similar  libration  exists 
in  the  motions  of  Jupiter's  satellites,  which  still  remains 

>  Note  130. 
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insensible  to  observation,  and  yet  tbe  comet  of  1770  passed 
twice  through  the  midst  of  them. 

The  moon, it  is  true^  is  liable  to  librations  depending  upon 
the  position  of  the  spectator.  At  her  rising,  part  of  the 
western  edge  of  her  disc  is  visible,  which  is  invisible  at  her 
setting,  and  the  contrary  takes  place  with  regard  to  her 
eastern  edge.  There  are  also  librations  arising  from  the 
relative  positions  of  the  earth  and  moon  in  their  respective 
orbits  ;  but  as  they  are  only  optical  appearances^  one  hemi- 
sphere will  be  eternally  concealed  from  the  earth.  For  the 
same  reason,  the  earth,  which  must  be  so  splendid  an  ob- 
ject to  one  lunar  hemisphere,  will  be  for  ever  veiled  from 
the  other.  On  account  of  these  circumstances,  the  remoter 
hemisphere  of  the  moon  has  its  day  a  fortnight  long^  and  a 
night  of  the  same  duration,  not  even  enlightened  by  a  moon, 
while  the  favoured  side  is  illuminated  by  the  reflection  of 
the  earth  during  its  long  night.  A  planet  exhibiting  a  sur- 
face thirteen  times  larger  than  that  of  the  moon,  with  all 
the  varieties  of  clouds,  land,  and  water  coming  successively 
into  view,  must  be  a  splendid  object  to  a  lunar  traveller  in 
a  journey  to  his  antipodes.  The  great  height  of  the  lunar 
mountains  probably  has  a  considerable  influence  on  the 
phenomena  of  her  motion,  the  more  so  as  her  compression 
is  small,  and  her  mass  considerable.  In  the  curve  passing 
through  the  poles,  and  that  diameter  of  the  moon  which 
always  points  to  the  earth,  nature  has  furnished  a  perma- 
nent meridian,  to  which  the  different  spots  on  her  surface 
have  been  referred,  and  their  positions  are  determined  with 
as  much  accuracy,  as  those  of  many  of  the  most  remark- 
able places  on  the  surface  of  our  globe. 

The  distance  and  minuteness  of  Jupiter's  satellites  render 
it  extremely  difficult  to  ascertain  their  rotation.  It  was, 
however,  accomplished  by  Sir  William  Herschel  from  their 
relative  brightness.  He  observed  that  they  alternately  ex- 
ceed  each  other  in  brilliancy,  and,  by  comparing  the  maxima 
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and  minima  of  their  illumination  with  their  positions  re- 
latively to  the  sun  and  to  their  primary^  he  found  that 
like  the  moon  the  time  of  their  rotation  is  equal  to  the 
period  of  their  revolution  ahout  Jupiter.  Miraldi  was  led 
to  the  same  conclusion  with  regard  to  the  fourth  satellite^ 
from  the  motion  of  a  spot  on  its  surface. 
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SECTION  X. 


ROTATION  OF  THE  EARTH  INVARIABLE. DECREASE  IN  THE  EABTB's 

MEAN      TEMPERATURE. EARTH     ORIGINALLY     IN     A     STATE     OF 

FUSION. LENGTH  OF  DAT  CONSTANT. DECREASE  OF  TEM- 
PERATURE  ASCRIBED  BY  SIR  JOHN    HERSCHEL   TO   THE    VARIATION 

IN  THE  EXCENTRICITY  OF  THE  TERRESTRIAL  ORBIT. ^DIFFERENCE 

IN  THE  TEMPERATURE  OF  THE  TWO  HEMISPHERES,  ERRONEOUSLY 
ASCRIBED  TO  THE  EXCESS  IN  THE  LENGTH  OF  SFRIlia  AND 
SUMMER    IN   THE    SOUTHERN    HEMISPHERE;    ATTRIBUTED    BY   MB. 

LYELL   TO   THE    OPERATION    OF    EXISTING    CAUSES. THREE  PRIN- 

CIFAL    AXES   OF   ROTATION.  —  POSITION  OF  THE    AXIS  OF  ROTATION 

ON     THE     SURFACE     OF    THE    EARTH    INVARIABLE. OCEAN     NOT 

SUFFICIENT    TO    RESTORE    THE     EQUILIBRIUM    OF    THE     EARTH    IF 

DERANGED.  ITS      DENSITY      AND      MEAN      DEPTH.  — -  INTERNAL 

STRUCTURE    OF    THE    EARTH. 


The  rotation  of  the  earth  which  determines  the  length 
of  the  day,  may  be  regarded  as  one  of  the  most  important 
elements  in  the  system  of  the  world.  It  serves  as  a  mea- 
sure of  time  and  forms  the  standard  of  comparison  for 
the  revolutions  of  the  celestial  bodies,  which  by  their 
proportional  increase  or  decrease  would  soon  disclose  any 
changes  it  might  sustain.  Theory  and  observation  concur 
in  proving  that  among  the  innumerable  vicissitudes  which 
prevail  throughout  creation,  the  period  of  the  earth's  diurnal 
rotation  is  immutable.  The  water  of  rivers  falling  from  a 
higher  to  a  lower  level,  carries  with  it  the  velocity  due  to 
its  revolution  with  the  earth  at  a  greater  distance  from  the 
centre,  it  will  therefore  accelerate  although  to  an  almost 
infinitesimal  extent  the  earth's  daily  rotation.  The  sum 
of  all  these  increments  of  velocity  arising  from  the  descent 
of  all  the  rivers  on  the  earth's  surface  would  in  time  be- 
come perceptible,  did  not  nature  by  the  process  of  evapo- 
rdtion  raise  the  waters  back  \x)  l\\e\x  sources  ;  and  thus 
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bj  again  removing  matter  to  a  greater  distance  from  the 
centre,  destroy  the  velocity  generated  by  its  previous  ap* 
pioach;    so  that  the  descent  o£  rivers   does   not  affect 
the  earth's  rotation.     Enormous  masses  projected  by  vol- 
canos  from  the  equator  to  the  poles,  and  the  contrary 
would  indeed  affect  it,  but  there  is  no  evidence  of  such 
convulsions.     The  disturbing  action   of  the   moon   and 
planets  which  has  so  powerful  an  effect  on  the  revolution 
of  die  earthy  in  no  way  influences  its  rotation.     The 
constant  friction  of  the   trade-winds  on  the  mountains 
and  continents  between  the  tropics  does  not  impede  its 
vdocity,  which  theory  even  proves  to  be  the  same  as  if 
the  sea  te^tfaer  with  the  earth  formed  one  solid  mass. 
Bat  aithoa^  these  circumstances  be  insufficient,  a  varia- 
tion in  the  mean  temperature  would  certainly  occasion  a 
corresponding  change  in  the  velocity  of  rotation.     In  the 
science  of  dynamics  it  is  a  principle  in  a  system  of  bodies 
or  of  particles  revolving  about  a  fixed  centre,  that  the 
momentum  or  sum  of  the  products  of  the  mass  of  each 
into  its  angular  velocity  and  distance  from  the  centre  is 
a  constant  quantity,  if  the  system  be  not  deranged  by  a 
foreign  cause.     Now  since  the  number  of  particles  in  the 
system  is  the  same  whatever   its   temperature  may  be, 
when  their  distances  from  the  centre  are  diminished  their 
angular  velocity  must  be  increased,  in  order  that  the  pre- 
ceding quantity  may  still  remain  constant.      It  follows 
then  that  as  the  primitive  momentum   of  rotation  with 
which  the  earth  was  projected  into  space  must  necessarily 
remain  the  same,  the  smallest  decrease  in  heat  by  con- 
tracting the  terrestrial  spheroid  would  accelerate  its  rota- 
tion, and   consequently  diminish  the  length  of  the  day. 
Notwithstanding  the  constant  accession  of  heat  from  the 
sun's  rays  geologists  have  been  induced  to  believe  from 
the  fossil  remains,  that  the  mean  temperature  of  t\ve  ^Ci\i^ 
is  decreasing. 

G   2 
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The  high  temperature  of  mines^  hot  springs^  and  above 
all  the  internal  fires  which  Jiftve  produced  and  do  stiU 
occasion  such  devastation  on  our  planet^  indicate  an  aug- 
mentation of  heat  towards  its  centre.     The  increase  of 
density  corresponding  to  the  depth  and  the  form  of  the 
spheroid  being  what   theory  assigns  to  a  fluid  mass  in 
rotation^  concurs  to  induce  the  idea  that  the  temperature  of 
the  earth  was  originally  so  high  as  to  reduce  all  the  sub- 
stances of  which  it  is  composed  to  a  state  of  fusion  or  of 
vapour,  and  that  in  the  course  of  ages  it  has  cooled,  down 
to  its  present  state ;  that  it  is  still  becoming  colder^  and 
that  it  will  continue  to  do  so  till  the  whole  mass  arrives 
at  the  temperature  of  the  medium  in  which  it  is  placed,  or 
rather  at  a  state  of  equilibrium  between  this  temperature, 
the  cooling  power  of  its  own  radiation,  and  the  heating 
eflfect  of  the  sun's  rays. 

Previous  to  the  formation  of  ice  at  the  poles  the  an. 
cient  lands  of  northern  latitudes  might  no  doubt  have 
been  capable  of  producing  those  tropical  plants  preserved 
in  the  coal  measures^  if  indeed  such  plants  could  flourish 
without  the  intense  light  of  a  tropical  sun.  But  even  if 
the  decreasing  temperature  of  the  earth  be  sufficient  to 
produce  the  observed  effects,  it  must  be  extremely  slow  in 
its  operation ;  for  in  consequence  of  the  rotation  of  the 
earth  being  a  measure  of  the  periods  of  the  celestial  mo- 
tions, it  has  been  proved  that  if  the  length  of  the  day  had 
decreased  by  the  three  thousandth  part  of  a  second  since 
the  observations  of  Hipparchus  two  thousand  years  ago,  it 
would  have  diminished  tlie  secular  equation  of  the  moon 
by  4'''4.  It  is  therefore  beyond  a  doubt  that  the  mean 
temperature  of  the  earth  cannot  have  sensibly  varied  during 
that  time.  If  then  the  appearances  exhibited  by  the  strata 
are  really  owing  to  a  decrease  of  internal  temperature,  it 
either  shows  the  immense  periods  requisite  to  produce 
geological  changes,  to  wb\c\i  two  \iva\i%Mvd  years  are  as 
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nothings  dr  that  the  mean  temperature  of  the  earth  had 
arrived  at  a  state  of  equilihrium  before  these  observations. 
However  strong  the  indications  of  the  primitive  fluidity 
of  the  earthy  as  there  is  no  direct  proof  of  it  the  hypo- 
thesis can  only  be  regarded  as  very  probable.     But  one  of 
the  most  profound  philosophers  and  elegant  writers  of 
modem  times,  has  found  in  the  secular  variation  of  the 
excentricity  of  the  terrestrial  orbit  an  evident  cause  of 
decreasing    temperature.     That   accomplished   author   in 
pointing  out  the  mutual  dependences  of  phenomena  says^ 
'^  It  is  evident  that  the  mean  temperature  of  the  whole 
surface  of  the  globe,  in  so  far  as  it  is  maintained  by  the 
action  of  the  sun  at  a  higher  degree  than  it  would  have 
were  the  sun  extinguished^  must  depend   on  the  mean 
quantity  of  the  sun's  rays  which  it  receives,  or  —  which 
comes  to  the  same  thing  —  on  the  total  quantity  received 
in  a  given  invariable  time ;  and  the  length  of  the  year 
being  tmchangeable  in  all  the  fluctuations  of  the  planetary 
system,  it  follows  that  the  total  amount  of  solar  radiation 
will  determine^  cateris  paribus,  the  general  climate  of  the 
earth.     Now,  it  is  not  difficult  to  show  that  this  amount 
is  inversely  proportional  to  the  minor  axis  of  the  ellipse 
described  by  the  earth  about  the  sun  ^,  regarded  as  slowly 
variable ;   and  that,  therefore,  the  major  axis  remaining 
as  we  know  it  to  be^  constant,  and  the  orbit  being  actually 
in  a  state  of  approach  to  a  circle,  and  consequently  the 
minor  axis  being  on  the  increase,  the  mean  annual  amount 
of  solar  radiation  received   by  the  whole  earth  must  be 
actually  on  the  decrease.     We  have  therefore  an  evident 
real  cause  to  account  for  the  phenomenon."     The  limits 
of  the  variation   in  the  excentricity  of  the  earth's  orbit 
are  unknown.     But  if  its  ellipticity  has  ever  been  as  great 
as  that  of  the  orbit  of  Mercury  or  Pallas,  the  mean  tem- 
perature of  the  earth  must  have  been  sensibly  lii^et  \)ciwv 
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it  is  at  present.  Whether  it  was  great  enough  to  render 
our  northern  climates  fit  for  the  production  of  tropical 
plants^  and  for  the  residence  of  the  elephant  and  other 
animals  now  inhabitants  of  the  torrid  zone,  it  is  impossible 
to  say. 

Of  the  decrease  in  temperature  of  the  northern  hemi- 
sphere there  is  abundant  evidence  in  the  fos^  plants 
discovered  in  very  high  latitudes,  which  could  only  have 
existed  in  a  tropical  climate,  and  which  must  have  grown 
near  the  spot  where  they  are  found,  from  the  delicacy  of 
their  structure  and  the  perfect  state  of  their  preservation. 
This  change  of  temperature  has  been  erroneously  ascribed 
to  an  excess  in  the  duration  of  spring  and  summer  in  ihe 
northern  hemisphere,  in  consequence  of  the  excentricity 
of  the  solar  ellipse.  The  length  of  the  seasons  varies 
with  the  position  of  the  perihelion  ^  of  the  earth's  orbit 
for  two  reasons.  On  account  of  the  excentricity  small 
as  it  is,  any  line  passing  through  the  centre  of  the  son 
divides  the  terrestrial  ellipse  into  two  unequal  parts,  and 
by  the  laws  of  elliptical  motion  the  earth  moves  through 
these  two  portions  with  unequal  velocities.  The  perihe- 
lion always  lies  in  the  smaller  portion,  and  there  the 
earth's  motion  is  the  most  rapid.  In  the  present  position 
of  the  perihelion,  spring  and  summer  north  of  the  equator 
exceed  by  about  eight  days  the  duration  of  the  same 
seasons  south  of  it.  And  10,492  years  ago  the  southern 
hemisphere  enjoyed  the  advantage  we  now  possess  from 
the  secular  variation  of  the  perihelion.  Yet  Sir  John  Her- 
schel  has  shown  that  by  this  alteration  neither  hemisphere 
acquires  any  excess  of  light  or  heat  above  the  other ;  for 
although  the  earth  is  nearer  to  the  sun,  while  moving 
through  that  part  of  its  orbit  in  which  the  perihelion  lies 
than  in  the  other  part,  and  consequently  receives  a  greater 
quantity  of  light  and  heat,  yet  as  it  moves  faster  it  is  ex- 
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poaed  to  the  heat  for  a  shorter  time.  In  the  other  part  of 
the  orbit  on  the  contrary  the  earth  heing  farther  from 
the  son  receives  fewer  of  his  rays^  hut  hecause  its  motion 
is  dower  it  is  exposed  to  them  for  a  longer  time.  And  as 
in  both  cases  the  quantity  of  heat  and  the  angular  Telocity 
▼ary  exactly  in  the  same  proportion  a  perfect  compensation 
takes  plaee.^  So  that  the  excentricity  of  the  earth's  orbit 
has  little  or  no  effect  on  the  temperature  corresponding  to 
the  difl^ence  of  the  seasons. 

Mr.  Lydlj  in  his  excellent  work  on  Geology  refers 
the  increased  cold  of  the  northern  hemisphere  to  the  oper- 
ation of  existing  causes^  with  more  probability  than  most 
theories  that  have  been  advanced  in  solution  of  this  dif- 
ficult subject.  The  loftiest  mountains  would  be  repre^ 
sented  by  a  grain  of  sand  on  a  globe  six  feet  in  diameter, 
and  the  depth  of  the  ocean  by  a  scratch  on  its  surface. 
Consequently  the  gradual  elevation  of  a  continent  pr  chain 
of  mountains  above  the  surface  of  the  ocean  or  their  de- 
pression below  it  is  no  very  great  event  compared  with  the 
magnitude  of  the  earthy  and  the  energy  of  its  subterranean 
fires,  if  die  same  periods  of  time  be  admitted  in  the  pro- 
gress of  geological  as  in  astronomical  phenomena^  which 
the  successive  and  various  races  of  extinct  beings  show  to 
have  been  immense.  Climate  is  always  more  intense  in 
the  interior  of  continents  than  in  islands  or  sea-coasts.  An 
increase  of  land  within  the  tropics  would  therefore  aug- 
ment the  general  heat^  and  an  increase  in  the  temperate 
and  frigid  zones  would  render  the  cold  more  severe.  Now 
it  appears  that  most  of  the  European^  North  Asiatic^  and 
North  American  continents  and  islands  were  raised  from 
the  deep  after  the  coal  measures  were  formed  in  which  the 
fossil  tropical  plants  are  found;  and  a  variety  of  geological 
facts  indicate  the  existence  of  an  ancient  and  extensive 
archipelago  throughout  the  greater  part  of  tbe  ivQt>\i<&Y'(\ 
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hemisphere.  Mr.  Lyell  is  therefore  of  opinion  that  the 
climate  of  these  islands  must  have  heen  sufficiently  miM- 
in  consequence  of  the  surrounding  ocean  to  clothe  thetn 
with  tropical  plants^  and  render  them  a  fit  ahode  for  the 
huge  animals  whose  fossil  remains  are  so  often  found. 
That  the  arborescent  ferns  and  the  palms  of  these  regions 
carried  by  streams  to  the  bottom  of  the  ocean,  were  im- 
bedded in  the  strata  which  were  by  degrees  heaved  up  by 
the  subterranean  fires  during  a  long  succession  of  ages^  till 
the  greater  part  of  the  northern  hemisphere  became  dry 
land  as  it  now  is^  and  that  the  consequence  has  been  a 
continual  decrease  of  temperature. 

It  is  evident  from  the  marine  shells  found  on  the  tops 
of  the  highest  mountains  and  in  almost  every  part  of  the 
globe^  that  immense  continents  have  been  elevated  above 
the  ocean  which  must  have  engulfed  others.  Such  a 
catastrophe  would  be  occasioned  by  a  variation  in  the  po- 
sition of  the  axis  of  rotation  on  the  surface  of  the  earth  ; 
for  the  seas  tending  to  a  new  equator  would  leave  some 
portions  of  the  globe  and  overwhelm  others.  Now  it  is 
found  by  the  laws  of  mechanics  that  in  every  body,  be 
its  form  or  density  what  it  may,  there  are  at  least  three 
axes  at  right  angles  to  each  other,  round  any  one  of  which, 
if  the  solid  begins  to  rotate,  it  will  continue  to  revolve  for 
ever,  provided  it  be  not  disturbed  by  a  foreign  cause,  but 
that  the  rotation  about  any  other  axis  will  only  be  for  an 
instant,  and  consequently  the  poles  or  extremities  of  the 
instantaneous  axis  of  rotation  would  perpetually  change 
their  position  on  the  surface  of  the  body.  In  an  ellipsoid 
of  revolution  the  polar  diameter  and  every  diameter  in 
the  plane  of  the  equator  are  the  only  j^ermanent  axes 
of  rotation.  1  Hence  if  the  ellipsoid  were  to  begin  to 
revolve  about  any  diameter  between  the  pole  and  the 
equator,  the  motion  would  be  so  unstable  that  the  axis  of 
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Totation  and  the  position  of  the  poles  would  change  every 
instant.  Therefore  as  the  earth  does  not  differ  much 
from  this  figure^  if  it  did  not  turn  round  one  of  its  prin-^ 
dpal  axes  the  position  of  the  poles  would  change  daily ; 
the  equator  which  is  QO^  distant  would  undergo  corre- 
sponding variations ;  and  the  geographical  latitudes  of  all 
places  being  estimated  from  the  equator^  assumed  to  be 
fixed  would  be  perpetually  changing.  A  displacement  in 
the  position  of  the  poles  of  only  two  hundred  miles  would 
be  sufficient  to  produce  these  effects,  and  would  imme- 
diately be  detected.  But  as  the  latitudes  are  found  to  be 
invariable^  it  may  be  concluded  that  the  terrestrial  spheroid 
must  have,  revolved  about  the  same  axis  for  ages.  The 
earth  and  planets  differ  so  little  from  ellipsoids  of  revolu- 
tion^ that  in  all  probability  any  libration  from  one  axis  to 
another  produced  by  the  primitive  impulse  which  put 
them  in  motion^  must  have  ceased  soon  after  their  creation 
from  the  friction  of  the  fluids  at  their  surface. 

Theory  also  proves  that  neither  nutation^  precession^ 
nor  any  of  the  disturbing  forces  that  affect  the  system^ 
have  the  smallest  influence  on  the  axis  of  rotation  which 
maintains  a  permanent  position  on  the  surface^  if  the  earth 
be  not  disturbed  in  its  rotation  by  a  foreign  cause  as  the 
collision  of  a  comet^  which  might  have  happened  in  the 
immensity  of  time.  But  had  that  been  the  case  its  effects 
would  still  have  been  perceptible  in  the  variations  of  the 
geographical  latitudes.  If  we  suppose  that  such  an  event 
had  taken  place^  and  that  the  disturbance  had  been  very 
greats  equilibrium  could  then  only  have  been  restored  with 
r^ard  to  a  new  axis  of  rotation  by  the  rushing  of  the 
seas  to  the  new  equator,  which  they  must  have  continued 
to  do  till  the  surface  was  every  where  perpendicular  to  the 
direction  of  gravity.  But  it  is  probable  that  such  an  ac- 
cumulation of  the  waters  would  not  be  sufficient  to  restore 
equilibrium  if  the  derangement  had  been  great,  for  the 
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mean  density  of  the  sea  is  only  about  a  fifth  part  of  the 
mean  density  of  the  earth,  and  the  mean  depth  of  the 
Pacific  Ocean  is  supposed  not  to  be  more  than  four  miles^ 
whereas  the  equatorial  diameter  of  the  earth  exceeds  the 
polar  diameter  by  about  26^  miles.  Consequently  the  in. 
fluence  of  the  sea  on  the  direction  of  gravity  is  very  smalL 
And  as  it  thus  appears  that  a  great  change  in  the  position 
of  the  axis  is  incompatible  with  the  law  of  equilibrium, 
the  geological  phenomena  in  question  must  be  ascribed  to 
an  internal  cause.  Indeed  it  is  now  demonstrated  that 
the  strata  containing  marine  diluvia  which  are  in  lofty 
situations,  must  have  been  formed  at  the  bottom  of  the 
ocean  and  afterwards  upheaved  by  the  action  of  subterra- 
neous fires.  Besides  it  is  dear  from  the  mensuration  of 
the  arcs  of  the  meridian  and  the  length  of  the  aeconda' 
pendulum  as  well  as  from  the  lunar  theory,  that  the  in* 
ternal  strata  and  also  the  external  outline  of  the  globe  are 
elliptical,  their  centres  being  coincident  and  their  axes 
identical  with  that  of  the  surface  —  a  state  of  things 
which,  according  to  the  distinguished  author  lately  quoted, 
is  incompatible  with  a  subsequent  accommodation  of  the 
surface  to  a  new  and  different  state  of  rotation,  from  that 
which  determined  the  original  distribution  of  the  compo- 
nent matter.  Thus  amidst  the  mighty  revolutions  which 
have  swept  innumerable  races  of  organised  beings  from 
the  earth,  which  have  elevated  plains  and  buried  moun- 
tains in  the  ocean,  the  rotation  of  the  earth  and  the  posi- 
tion of  the  axes  on  its  surface  have  undergone  but  slight 
variations. 

The  strata  of  the  terrestrial  spheroid  are  not  only  con- 
centric and  elliptical,  but  the  lunar  inequalities  show  that 
they  increase  in  density  from  the  surface  of  the  earth  to 
its  centre.  This  would  certainly  have  happened  if  the 
earth  had  originally  been  fluid,  for  the  denser  parts  must 
have  subsided  towards  the  ceutie  a,%  \X  v^^To^^ched  a  state 
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of  equilibrium.  But  the  enormous  pressure  of  the  super- 
incumbent mass  is  a  sufficient  cause  for  the  phenomenon. 
Professor  Leslie  observes  that  air  compressed  into  the 
fiftieth  part  of  its  volume  has  its  elasticity  "fifty  times 
augmented.  If  it  continues  to  contract  at  that  rate  it 
would^  from  its  own  incumbent  weight,  acquire  the  density 
of  water  at  the  depth  of  thirty-four  miles.  But  water  itself 
would  have  its  density  doubled  at  the  depth  of  ninety- 
tiiree  miles,  and  would  even  attain  the  density  of  quick- 
nlver  at  a  depth  of  362  miles.  Desending  therefore 
towards  the  centre  through  nearly  4000  miles,  the  con- 
densation of  ordinary  substances  would  surpass  the  utmost 
powers  of  conception.  Dr.  Young  says  that  steel  would 
be  compressed  into  one  fourth  and  stone  into  one  eighth 
of  its  bulk  at  the  earth's  centre.  However  we  are  yet 
ignorant  of  the  laws  of  compression  of  solid  bodies  beyond 
8  certain  limit ;  from  the  experiments  of  Mr.  Perkins  they 
appear  to  be  capable  of  a  greater  degree  of  compression 
than  has  generally  been  imagined. 

But  a  density  so  extreme  is  not  borne  out  by  astro- 
nomical observation.  It  might  seem  to  follow  therefore 
that  OUT  planet  must  have  a  widely  cavernous  structure, 
and  that  we  tread  on  a  crust  or  shell  whose  thickness  bears 
a  very  small  proportion  to  the  diameter  of  its  sphere. 
PoflsiUy,  too,  this  great  condensation  at  the  central  regions 
may  be  counterbalanced  by  the  increased  elasticity  due  to 
a  very  elevated  temperature. 


9^  PRECESSION*  8ECT.  XU 


SECTION  XI. 

PRKCESSION    AND    NUTATIOV.  —  THKIR    EFFECTS   ON   THE    APPARENT 

FLACKS    OP   THE    FIXED    STARS. 

It  has  been  shown  that  the  axis  of  rotation  is  invariable  on 
the  surface  of  the  earth ;  and  observation  as  well  as  theory 
prove  that  were  it  not  for  the  action  of  the  sun  and  moon 
on  the  matter  at  the  equator^  it  would  remain  exactly 
parallel  to  itself  in  every  point  of  its  orbit. 

The  attraction  of  an  external  body  not  only  draws  a 
spheroid  towards  it^  but  as  the  force  varies  inversely  as  the 
square  of  the  distance^  it  gives  it  a  motion  about  its  centre 
of  gravity,  unless  when  the  attracting  body  is  situated  in 
the  prolongation  of  one  of  the  axes  of  the  spheroid.  The 
plane  of  the  equator  is  inclined  to  the  plane  of  the  ecliptic 
at  an  angle  of  23°  27^  37''-89  ;  and  the  inclination  of  the 
lunar  orbit  to  the  same  is  5°  8'  47''*9«  Consequently 
from  the  oblate  figure  of  the  earth,  the  sun  and  moon 
acting  obliquely  and  unequally  on  the  different  parts  of  the 
terrestrial  spheroid,  urge  the  plane  of  the  equator  from  its 
direction  and  force  it  to  move  from  east  to  west,  so  that 
the  equinoctial  points  have  a  slow  retrograde  motion  on  the 
plane  of  the  ecliptic  of  50'^-41  annually.  The  direct  ten- 
dency of  this  action  is  to  make  the  planes  of  the  equator 
and  ecliptic  coincide,  but  it  is  balanced  by  the  tendency  of 
the  earth  to  return  to  stable  rotation  about  the  polar 
diameter  which  is  one  of  its  principal  axes  of  rotation. 
Therefore  the  inclination  of  the  two  planes  remains  constant, 
as  a  top  spinning  preserves  the  same  inclination  to  the  plane 
of  the  horizon.  "Were  the  earth  spherical  this  eflfect 
would  not  be  produced,  and  the  equinoxes  would  always 
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correspond  with  the  same  points  of  the  ecliptic^  at  least  as 
far  as  this  kind  of  motion  is  concerned.  But  another  and 
totally  different  cause  which  operates  on  this  motion  has 
already  heen  mentioned.  The  action  of  the  planets  on 
one  another  and  on  the  sun  occasions  a  very  slow  vari- 
ation in  the  position  of  the  plane  of  the  ecliptic  which 
affects  its  inclination  to  the  plane  of  the  equator,  and  gives 
the  equinoctial  points  a  slow  but  direct  motion  on  the 
ecliptic  of  0''*31  annually,  which  is  entirely  independent 
of  the  figure  of  the  earth  and  would  be  the  same  if  it 
were  a  sphere.  Thus  the  sun  and  moon  by  moving  the 
plane  of  the  equator,  cause  the  equinoctial  points  to  re- 
trograde on  the  ecliptic ;  and  the  planets  by  moving  the 
plane  of  the  ecliptic  give  them  a  direct  motion  though 
much  less  than  the  former.  Consequently  the  difference 
of  the  two  is  the  mean  precession  which  is  proved  both 
by  theory  and  observation  to  be  about  50^''*  1  annually.  ^ 

As  the  longitudes  of  all  the  fixed  stars  are  increased  by 
this  quantity,  the  effects  of  precession  are  soon  detected. 
It  was  accordingly  discovered  by  Hipparchus  in  the  year 
128  before  Christ,  from  a  comparison  of  his  own  observ- 
ations with  those  of  Timocharis  155  years  before.  In 
the  time  of  Hipparchus,  the  entrance  of  the  sun  into  the 
constellation  Aries  was  the  beginning  of  spring,  but  since 
that  time  the  equinoctial  points  have  receded  30°,  so  that 
the  constellations  called  the  signs  of  the  zodiac  are  now  at 
a  considerable  distance  from  those  divisions  of  the  ecliptic 
which  bear  their  names.  Moving  at  the  rate  of  50"*  1 
annually^  the  equinoctial  points  will  accomplish  a  revolu- 
tion in  25,868  years.  But  as  the  precession  varies  in 
different  centuries  the  extent  of  this  period  will  be  slightly 
modified.  Since  the  motion  of  the  sun  is  direct  and  that 
of  the  equinoctial  points  retrograde,  he  takes  a  shorter  time 
to  return  to  the  equator  than  to  arrive  at  the  same  stars ; 

>  Note  143. 
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80  that  the  tropical  year  of  365^  5^  48°^  49**7  must  be 
increased  by  the  time  lie  takes  to  move  through  an  arc  of 
50^^*1,  in  order  to  have  the  length  of  the  sidereal  year. 
The  time  required  is  20^  19^*6^.  so  that  the  sidereal  year 
contains  365^  6^  9*°  9**6  mean  solar  days. 

The  mean  annual  precession  is  subject  to  a  secular  vari- 
ation ;  for  although  the  change  in  the  plane  of  the  ediptic 
in  which  the  orbit  of  the  sun  lies  be  independent  of  the 
form  of  the  earth,  yet  by  bringing  the  sun^  moon^  and 
earth  into  different  relative  positions  from  age  to  age,  it 
alters  the  direct  action  of  the  two  first  on  the  prominoit 
matter  at  the  equator  :  on  this  account  the  motion  of  the 
equinox  is  greater  by  0^^*455  now  than  it  was  in  the  time 
of  Hipparchus.  Consequently  the  actual  length  of  the 
tropical  year  is  about  48*21  shorter  than  it  was  at  ^t 
time.  The  utmost  change  that  it  can  experience  from  this 
cause  amounts  to  43  seconds. 

Such  is  the  secular  motion  of  the  equinoxes.  But  it  is 
sometimes  increased  and  sometimes  diminished  by  periodic 
variations,  whose  periods  depend  upon  the  relative  posi- 
tions of  the  sun  and  moon  with  regard  to  the  earth,  and 
which  are  occasioned  by  the  direct  action  of  these  bodies 
on  the  equator.  Dr.  Bradley  discovered  that  by  this 
action  the  moon  causes  the  pole  of  the  equator  to  describe 
a  small  ellipse  in  the  heavens,  the  axes  of  which  are 
18^^*5  and  13''*674,  the  longer  being  directed  towards  the 
pole  of  the  ecliptic.  The  period  of  this  inequality  is  about 
19  years,  the  time  employed  by  the  nodes  of  the  lunar 
orbit  to  accomplish  a  revolution.  The  sun  causes  a  small 
variation  in  the  description  of  this  ellipse  ;  it  runs  tlirough 
its  period  in  half  a  year.  Since  the  whole  earth  obeys 
these  motions  they  affect  the  position  of  its  axis  of  rota- 
tion with  regard  to  the  starry  heavens,  though  not  with 
regard  to  the  surface  of  the  earth  ;  for  in  consequence  of 
precession  alone  the  pole  of  the  equator  moves  in  a  circle 
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round  the  pole  of  the  ecliptic  in  25,868  years^  and  hy 
nutation  alone  it  describes  a  small  ellipse  in  the  heavens 
every  19  years,  on  each  side  of  which  it  deviates  every 
half  year  from  the  action  of  the  snn.  The  real  curve 
traced  in  the  starry  heavens  by  the  imaginary  prolongation 
of  the  earth's  axis  is  compounded  of  these  three  motions. ' 
This  nutation  in  the  earth*s  axis  affects  both  the  precession 
aod  obliquity  with  small  periodic  variations.  But  in  con-> 
sequence  of  the  secular  variation  in  the  position  of  the 
terrestrial  orbit,  which  is  chiefly  owing  to  the  disturbing 
energy  of  Jupiter  on  the  earth,  the  obliquity  of  the  ecliptic 
is  annually  diminished  according  to  M.  Bessel,  by  0^^*457. 
This  variation  in  die  course  of  ages  may  amount  to  10  or 
11  degrees  ;  but  the  obliquity  of  the  ecliptic  to  the  equator 
can  never  vary  more  than  2°  42^  or  3°,  since  the  equator 
will  follow  in  some  measure  the  motion  of  the  ecliptic. 

It  is  evident  that  the  places  of  all  the  celestial  bodies 
are  affected  by  precession  and  nutation.  Their  longitudes 
estimated  from  the  equinox  are  augmented  by  precession  ; 
bat  as  it  affects  all  the  bodies  equally  it  makes  no  change 
in  their  relative  positions.  Both  the  celestial  latitudes  and 
km^tudes  are  altered  to  a  small  degree  by  nutation  ;  hence 
aU  observations  must  be  corrected  for  these  inequalities. 
In  consequence  of  this  real  motion  in  the  earth's  axis  the 
pdb  star,  forming  part  of  the  constellation  of  the  Little 
Bear  which  was  formerly  12°  from  the  celestial  pole,  is 
now  within  1®  24'  of  it,  and  will  continue  to  approach  it 
till  it  is  within  1^°,  after  which  it  will  retreat  from  the  pole 
for  ages;  and  12,934  years  hence  the  star  a  Lyrae  will 
come  within  5°  of  the  celestial  pole  and  become  the  polar 
star  of  the  northern  hemisphere. 

*  Note  144. 
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SECTION  XII,  : 

MEAN    AND    APPARENT     SIDEREAL    TIME. MEAN     AND     APPARSIIT 

SOLAR     TIME. EQUATION    OF    TIME.  ENfiLISH     AND     FRENCH 

SUBDIVISIONS  OF  TIME. LEAP-YEAR. CHRISTIAN  ERA. EQUI- 
NOCTIAL TIME.  —  REMARKABLE  ERAS  DEPENDING  UPON  TBI 
POSITION  OF  THE  SOLAR  PERIGEE.  — -  INEQUALITY  OF  THE 
LENGTHS  OF  THE  SEASONS  IN  THE  TWO  HEMISPHERES.  —  AP- 
PLICATION    OF     ASTRONOMY     TO     CHRONOLOGY. ENGLISH     AND 

FRENCH   STANDARDS    OF    WEIGHTS   AND   MEASURES. 

AsTRONOBiT  has  been  of  immediate  and  essential  use  in 
affording  invariable  standards  for  measuring  duration,  dis. 
tance^  magnitude^  and  velocity.  The  mean  sidereal  day 
measured  by  the  time  elapsed  between  two  consecutive 
transits  of  any  star  at  the  same  meridian^  and  the  mean 
sidereal  year  which  is  the  time  included  between  two  conse- 
cutive returns  of  the  sun  to  the  same  star,  are  immutable 
units  with  which  all  great  periods  of  time  are  compared ; 
the  oscillations  of  the  isochronous  pendulum  measure  its 
smaller  portions.  By  these  invariable  standards  alone 
we  can  judge  of  the  slow  changes  that  other  elements  of 
the  system  may  have  undergone.  Apparent  sidereal  time 
which  is  measured  by  the  transit  of  the  equinoctial  point 
at  the  meridian  of  any  place  is  a  variable  quantity,  from 
the  effects  of  precession  and  nutation.  Clocks  showing 
apparent  sidereal  time  are  employed  for  observation,  and 
are  so  regulated  that  they  indicate  0^*  0™  0^  at  the  instant 
the  equinoctial  point  passes  the  meridian  of  the  observatory. 
And  as  time  is  a  measure  of  angular  motion,  the  clock 
gives  the  distances  of  the  heavenly  bodies  from  the  equinox 
by  observing  the  instant  at  which  each  passes  the  meriilian, 
and  converting  the  interval  into  arcs  at  the  rate  of  15°  to 
an  hour. 
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The  returns  of  the  sun  to  the  meridian  and  to  tlie  same 
equinox  or  solstice,  have  been  universally  adopted  as  the 
measure  of  our  civil  days  and  years.  The  solar  or  astro- 
nomical day  is  the  time  that  elapses  between  two  consecu- 
dve  moons  or  midnights.  It  is  consequently  longer  than 
die  ^dereal  day^  on  account  of  the  proper  motion  uf  the 
sun  during  a  revolution  of  the  celestial  sphere.  But  as 
the  sun  moves  with  greater  rapidity  at  the  winter  than  at 
the  summer  solstice,  the  astronomical  day  is  more  nearly 
equal  to  the  sidereal  day  in  summer  than  in  winter.  The 
obliquity  of  the  ecliptic  also  affects  its  duration ;  for  near 
the  equinoxes  the  arc  of  the  equator  is  less  than  the  corre- 
spondmg  arc  of  the  ecliptic,  and  in  the  solstices  it  is 
greater.^  The  astronomical  day  is  therefore  diminished 
in  the  first  case,  and  increased  in  the  second.  If  the  sun 
moved  uniformly  in  the  equator  at  the  rate  of  59'  8^^*33 
every  day,  the  solar  days  would  be  all  equal.  The  time 
therefore  which  is  reckoned  by  the  arrival  of  an  imaginary 
sun  at  the  meridian,  or  of  one  which  is  supposed  to  move 
uniformly  in  the  equator,  is  denominated  mean  solar  time, 
such  as  is  given  by  clocks  and  watches  in  common  Hfe. 
When  it  is  reckoned  by  the  arrival  of  the  real  sun  at  the 
meridian  it  is  apparent  time,  such  as  is  given  by  dials. 
The  difference  between  the  time  shown  by  a  clock  and  a 
dial  is  the  equation  of  time  given  in  the  Nautical  Almanac, 
sometimes  amounting  to  as  much  as  sixteen  minutes.  The 
apparent  and  mean  time  coincide  four  times  in  the  year  ; 
when  the  sun's  daily  motion  in  right  ascension  is  equal  to 
59'  S^^'33  in  a  mean  solar  day,  which  happens  about  the 
16th  of  April,  the  l6th  of  June,  the  1st  of  September,  and 
the  25th  of  December. 

The  astronomical  day  begins  at  noon,  but  in  common 
reckoning  the  day  begins  at  midnight.  In  England  it  is 
divided  into  twenty-four  hours,  which  are   counted  by 

'  Note  145. 
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twelve  and  twelve;  but  in  France  astronomers  adopting 
the  decimal  division  divide  the  day  into  ten  bours^  the  boor 
into  one  hundred  minutes^  and  the  minute  into  a  bondred 
seconds^  because  of  the  facility  in  computation,  and  in  con- 
formity with  their  decimal  system  of  weights  and  measures. 
This  subdivision  is  not  now  used  in  common  life,  nor  has 
it  been  adopted  in  any  other  country  ;  and  although  some 
scientific  writers  in  France  still  employ  that  division  of 
time,  the  custom  is  beginning  to  wear  out.  At  one  period 
during  the  French  revolution,  the  clock  in  the  gardens  of 
the  Tuileries  was  regulated  to  show  decimal  time.  The 
mean  length  of  the  day  though  accurately  determined,  is 
not  sufficient  for  the  purposes  either  of  astronomy  or  dvil 
life.  The  tropical  or  civil  year  of  365^  5^  4>8»^  49»-7, 
which  is  the  time  elapsed  between  the  consecutive  returns 
of  the  sun  to  the  mean  equinoxes  or  solstices,  including  aU 
the  changes  of  the  seasons,  is  a  natural  cycle  pecidiarly 
suited  for  a  measure  of  duration.  It  is  estimated  from 
the  winter  solstice,  the  middle  of  the  long  annual  night 
under  the  north  pole.  But  although  the  length  of  the 
civil  year  is  pointed  cut  by  nature  as  a  measure  of  long 
periods,  the  incommensurability  that  exists  between  the 
length  of  the  day  and  the  revolution  of  the  sun,  renders  it 
difficult  to  adjust  the  estimation  of  both  in  whole  numbers. 
If  the  revolution  of  the  sun  were  accomplished  in  365 
days,  all  the  years  would  be  of  precisely  the  same  number 
of  days,  and  would  begin  and  end  with  the  sun  at  the 
same  point  of  the  ecliptic.  But  as  the  sun's  revolution  in. 
eludes  the  fraction  of  a  day,  a  civil  year  and  a  revolution 
of  the  sun  have  not  the  same  duration.  Since  the  fraction 
is  nearly  the  fourth  of  a  day,  in  four  years  it  is  nearly 
equal  to  a  revolution  of  the  sun,  so  that  the  addition  of 
a  supernumerary  day  every  fourth  year  nearly  compensates 
the  difference.  But  in  process  of  time  further  correction 
ivill  be  necessary,  because  l\ve  h^t\,\o\\  \?»  V?s,  \.\va.u  the 


•  Xn.  LENGTH   OF   THE   CIVIL   TEAR.  99 

nirth  of  a  day.  In  fact  if  a  bissextile  be  suppressed  at 
be  end  of  three  out  of  four  centuries^  the  year  so  deter- 
lined  will  only  exceed  the  true  year  by  an  extremely  small 
faction  of  a  day ;  and  if  in  addition  to  this  a  bissextile 
e  suppressed  every  4000  years^  the  length  of  the  year 
riU  be  nearly  equal  to  that  given  by  observation.  Were 
be  fraction  neglected  the  beginning  of  the  year  would 
treoede  that  of  the  tropical  year,  so  that  it  would  retro- 
;mde  through  the  different  seasons  in  a  period  of  about  1 507 
^eanu  The  Egyptian  year  began  with  the  heliacal  rising 
i  Sirius  and  contained  only  S65  days,  by  which  they  lost 
me  year  in  every  1461  years,  their  Sothaic  period,  or  that 
yde  in  which  the  heliacal  rising  of  Sirius  passes  through 
he  whole  year  and  takes  place  again  on  the  same  day. 
The  commencement  of  that  cycle  is  placed  by  ancient' 
faronologists  in  the  year  1322  before  the  Christian  era. 
rhe  division  of  the  year  into  months  is  very  old  and 
Imost  universal.  But  the  period  of  seven  days,  by  far  the 
DOBt  permanent  division  of  time  and  the  most  ancient 
nonnment  of  astronomical  knowledge,  was  used  by  the 
Brahmins  in  India  with  the  same  denominations  employed 
)y  us,  and  was  alike  found  in  the  calendars  of  the  Jews, 
B^ptians,  Arabs,  and  Assyrians.  It  has  survived  the  fall 
»f  empires,  and  has  existed  among  all  successive  gener- 
itions,  a  proof  of  their  common  origin. 

The  day  of  the  new  moon  immediately  following  the 
vinter  solstice  in  the  707th  year  of  Rome,  was  made  the 
Ist  of  January  of  the  first  year  of  Julius  Caesar.  The 
J5th  of  December  of  his  forty-fifth  year  is  considered  as 
he  date  of  Christ's  nativity ;  and  the  forty-sixth  year  of 
the  Julian  Calendar  is  assumed  to  be  the  first  of  our  era. 
The  preceding  year  is  called  the  first  year  before  Christ  by 
dtronologists,  but  by  astronomers  it  is  called  the  year  0. 
The  astronomical  year  begins  on  the  31st  of  Decenvber  b.\ 
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noon  ;  and  the  date  of  an  observation  expresses  the  days 
and  hours  which  have  actually  elapsed  since  that  time. 

Since  solar  and  sidereal  time  are  estimated  from  the  pas- 
sage of  the  sun  and  the  equinoctial  point  across  the  meri- 
dian of  each  place^  the  hours  are  different  at  difierent 
places :  while  it  is  one  o'clock  at  one  place  it  is  two  at  an- 
other^ three  at  another^  &c. ;  for  it  is  obvious  that  it  is  nooo 
at  one  part  of  the  globe,  at  the  same  moment  that  it  is  mid- 
night at  another  diametrically  opposite  to  it;  consequently 
an  event  which  happens  at  one  and  the  same  instant  of 
absolute  time^  is  recorded  at  different  places^  as  having 
happened  at  different  times.  Therefore  when  obeerv- 
ations  made  at  different  places  are  to  be  compaied,  they 
must  be  reduced  by  computation  to  what  they  would  have 
been  had  they  been  made  under  the  same  meridian.  To 
obviate  this  it  was  proposed  by  Sir  John  Herschel  to  em- 
ploy mean  equinoctial  time  which  is  the  same  for  all  the 
world,  and  independent  alike  of  local  circumstances  and 
inequalities  in  the  sun's  motion.  It  is  the  time  elapsed 
from  the  instant  the  mean  sun  enters  the  mean  vernal 
equinox,  and  is  reckoned  in  mean  solar  days  and  parts  of 
a  day. 

Some  remarkable  astronomical  eras  are  determined  by 
the  position  of  the  major  axis  of  the  solar  ellipse,  which 
depends  upon  the  direct  motion  of  the  perigee^  and  the 
procession  of  the  equinoxes  conjointly,  the  annual  motion 
of  the  one  being  11"*8,  and  that  of  the  other  50"-l, 
Hence  the  axis  moving  at  the  rate  of  6r'*9  annually,  ac- 
complishes a  tropical  revolution  in  209*84  years.  It  coin- 
cided with  the  line  of  the  equinoxes  4000  or  4089  years 
before  the  Christian  era,  much  about  the  time  chronolc^sts 
assign  for  the  creation  of  man.  In  6483  the  major  axis 
will  again  coincide  with  the  line  of  the  equinoxes  ;  but 
then  the  solar  perigee  will  coincide  with  the  equinox  of 
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atttmnn  ;  whereas  at  the  creation  of  man  it  coincided  with 
the  vernal  equinox.  In  the  year  1246  the  major  axis 
was  perpendicular  to  the  line  of  the  equinoxes ;  then  the 
nlsr  perigee  coincided  with  the  solstice  of  summer,  and 
the  apogee  with  the  solstice  of  winter.  According  to  La 
VJiMce,  who  computed  these  periods  from  different  data^  the 
last  coincidence  happened  in  the  year  1250  of  our  era^ 
which  induced  him  to  propose  that  year  as  a  universal 
^ochi  the  vernal  equinox  of  the  year  1250  to  he  the  first 
day  of  the  first  year.  These  eras  can  only  he  regarded  as 
approximate^  since  ancient  ohservations  are  too  inaccurate^ 
and  modern  ohservations  too  recent^  to  afford  data  for  their 
precise  determination. 

The  variation  in  the  position  of  the  solar  dlipse  occa- 
sions eorresponding  changes  in  the  length  of  the  seasons. 
In  its  present  position  spring  is  shorter  than  summer^  and 
antomn  longer  than  winter ;  and  while  the  solar  perigee 
continues  as  it  now  is  between  the  solstice  of  winter  and 
die  equinox  of  springs  the  period  including  spring  and 
sunmer  will^  be  longer  than  that  including  autumn  and 
winter.  In  this  century  the  difference  is  between  seven 
and  eight  days.  The  intervals  will  be  equal  towards  the 
year  6483,  when  the  perigee  will  coincide  with  the  equinox 
of  spring ;  but  when  it  passes  that  point  the  spring  and 
tommer  taken  together,  will  be  shorter  than  the  period  in- 
dnding  the  autumn  and  winter.  ^  These  changes  will  be 
accomplished  in  a  tropical  revolution  of  the  major  axis  of 
the  earth's  orbit,  which  includes  an  interval  of  20,984  years. 
Were  the  orbit  circular  the  seasons  would  be  equal ;  their 
difference  arises  from  the  excentricity  of  the  orbit  small  as 
it  is;  but  the  changes  are  so  trifling  as  to  be  imperceptible 
in  the  short  span  of  human  life. 

No  circumstance  in  the  whole  science  of  astronomy  ex- 
cites a  deeper  interest  than  its  application  to  chronology. 

1  Note  147. 
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'^  Whole  nations,"  says  La  Place,  ^*  have  heen  swept  from 
the  earth,  with  their  languages,  arts,  and  sciences,  leaving 
but  confused  masses  of  ruins  to  mark  the  place  whoe 
mighty  cities  stood  ;  their  history  with  the  exception  of  a 
few  doubtful  traditions  has  perished ;  but  the  perfection 
of  their  astronomical  observations  marks  their  hi^  an. 
tiquity,  fixes  the  periods  of  their  existence,  and  proves 
that  even  at  that  early  time  they  must  have  made  con- 
siderable progress  in  science.''  The  ancient  state  of  the 
heavens  may  now  be  computed  with  great  accuracy;  and 
by  comparing  the  results  of  calculation  with  ancient  ob- 
servations, the  exact  period  at  which  they  were  made  may 
be  verified  if  true,  or  if  false  their  error  may  be  detected. 
If  the  date  be  accurate  and  the  observation  good  it  will 
verify  the  accuracy  of  modem  tables,  and  will  show  to 
how  many  centuries  tliey  may  be  extended  without  the 
fear  of  error.  A  few  examples  will  show  the  importance 
of  the  subject. 

At  the  solstices  the  sun  is  at  his  greatest  distance  from 
the  equator,  consequently  his  declination  at  these  times  is 
equal  to  the  obliquity  of  the  ecliptic  i,  which  was  for- 
merly determined  from  the  meridian  length  of  the  shadow 
of  the  stile  of  a  dial  on  the  day  of  a  solstice.  The  lengths 
of  the  meridian  shadow  at  the  summer  and  winter  solstices 
are  recorded  to  have  been  observed  at  the  city  of  Layang, 
in  China,  1100  years  before  the  Christian  era.  From 
these  the  distances  of  the  sun  from  the  zenith-  of  the  city 
of  Layang  are  known.  Half  the  sum  of  these  zenith  dis- 
tances determines  the  latitude,  and  half  their  difference 
gives  the  obliquity  of  the  ecliptic  at  the  period  of  the 
observation ;  and  as  the  law  of  the  variation  of  the  ob- 
liquity is  known,  both  the  time  and  place  of  the  observ- 
ations have  been  verified  by  computations  from  modem 
tables.     Thus   the  Chinese  had  made  some  advances  in 
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the  science  of  astronomy  at  that  early  period.  Their  whole 
chronology  is  founded  on  the  observations  of  eclipses,  which 
prore  the  existence  of  that  empire  for  more  than  4700 
years.  The  epoch  of  the  lunar  tables  of  the  Indians^  sup- 
posed by  Bailly  to  be  3000  years  before  the  Christian  era, 
was  proved  by  La  Place  from  the  acceleration  of  the 
moon,  not  to  be  more  ancient  than  the  time  of  Ptolemy 
who  lived  in  the  second  century  after  it.  The  great  ine. 
quality  of  Jupiter  and  Saturn,  whose  cycle  embraces  9^8 
years,  is  peculiarly  fitted  for  marking  the  civilisation  of  a 
people.  The  Indians  had  determined  the  mean  motions  of 
these  two  planets  in  that  part  of  their  periods,  when  the 
apparent  mean  motion  of  Saturn  was  at  the  slowest,  and 
iZiat  of  Jupiter  the  most  rapid.  The  periods  in  which 
that  happened  were  3102  yoars  before  the  Christian  era, 
and  the  year  14<^1  after  it.  The  returns  of  comets  to  their 
perihelia  may  possibly  mark  the  present  state  of  astronomy 
to  future  ages. 

The  places  of  the  fixed  stars  are  affected  by  the  preces- 
sion of  the  equinoxes ;  and  as  the  law  of  that  variation 
is  known,  their  positions  at  any  time  may  be  computed. 
Now  Eudoxus,  a  contemporary  of  Plato,  mentions  a  star 
situate  in  the  pole  of  the  equator,  and  it  appears  from 
computation  that  k  Draconis  was  not  very  far  from  that 
place  about  3000  years  ago  ;  but  as  it  is  only  about  21 50 
years  since  Eudoxus  lived,  he  must  have  described  an  an- 
terior state  of  the  heavens,  supposed  to  be  the  same  that 
was  mentioned  by  Chiron  about  the  time  of  the  siege  of 
Troy.  Thus  every  circumstance  concurs  in  showing  that 
astronomy  was  cultivated  in  the  highest  ages  of  antiquity. 

It  is  possible  that  a  knowledge  of  astronomy  may  lead 
to  the  interpretation  of  hieroglyphical  characters.  Astro- 
nomical signs  are  often  found  on  the  ancient  Egyptian 
monuments,  probably  employed  by  the  priests  to  record 
dates.     The  author  had  occasion  to  witness  an  instance  of 
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this  moist  interesting  application  of  astronomy,  in  ascertain- 
ing the  date  of  a  papyrus,  sent  from  Egypt  by  Mr.  Salt, 
in  the  hieroglyphical  researches  of  the  late  Dr.  Thomas 
Young,  whose  profound  and  varied  acquirements  do  honour 
to  his  country,  and  to  the  age  in  which  he  lived.  The 
manuscript  was  found  in  a  mummy-case,  it  proved  to  be 
a  horoscope  of  the  age  of  Ptolemy,  and  its  date  was  deter, 
mined  from  the  configuration  of  the  heavens  at  the  time 
of  its  construction. 

The  form  of  the  earth  furnishes  a  standard  of  weights 
and  measures  for  the  ordinary  purposes  of  life,  as  well  as 
for  the  determination  of  the  masses  and  distances  of  the 
heavenly  bodies.  The  length  of  the  pendulum  vibrating 
seconds  of  mean  solar  time  in  the  latitude  of  Lond<», 
forms  the  standard  of  the  Briti^  measure  of  extension. 
Its  approximate  length  oscillating  in  vacuo  at  the  tem- 
perature of  62°  of  Fahrenheit,  and  reduced  to  the  level  of 
the  seal,  ^as  determined  by  Captain  Kater  to  be  30'13Q$ 
inches.  The  weight  of  a  cubic  inch  of  water  at  the  tem- 
perature of  62°  of  Fahrenheit,  barometer  30  inches,  was 
also  determined  in  parts  of  the  imperial  troy  pound,  whence 
a  standard  both  of  weight  and  capacity  was  deduced.  The 
French  have  adopted  the  metre  equal  to  3*2808992 
English  feet  for  their  unit  of  linear  measure,  which  is  the 
ten-millionth  part  of  that  quadrant  of  the  meridian  -  passing 
through  Formentera  and  Greenwich,  the  middle  of  which 
is  nearly  in  the  forty-fifth  degree  of  latitude.  Should  the 
national  standards  of  the  two  countries  be  lost  in  the  vicis- 
situde of  human  affairs  both  may  be  recovered;  since  they 
are  derived  from  natural  standards  presumed  to  be  in- 
variable. The  length  of  the  pendulum  would  be  found 
again  with  more  facility  than  the  metre.  But  as  no 
measure  is  mathematically  exact,  an  error  in  the  original 
standard  may  at  length  become  sensible  in  measuring  a 
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great  extent^  whereas  the  error  that  must  necessarily  arise 
in  measuring  the  quadrant  of  the  meridian  is  rendered 
totally  insensible  by  subdivision  in  taking  its  ten-millionth 
part.  The  French  have  adopted  the  decimal  division^ 
not  only  in  time  but  also  in  their  degrees^  weights^  and 
meaauies^  on  account  of  the  very  great  facility  it  affords 
in  computation.  It  has  not  been  adopted  by  any  other 
people^  though  nothing  is  more  desirable  than  that  all 
nations  should  concur  in  using  the  same  standards^  not 
only  on  account  of  convenience  but  as  affording  a  more 
definite  idea  of  quantity.  It  is  singular  that  the  decimal 
division  of  the  day^  of  degrees^  weights^  and  measures^  was 
employed  in  China  4000  years  ago ;  and  that  at  the  time 
Ibn  Jonis  made  his  observations  at  Cairo  about  the  year 
1000  of  the  Christian  era^  the  Arabs  were  in  the  habit  of 
employing  the  vibrations  of  the  pendulum  in  their  astro- 
nomical observations  as  a  measure  of  time. 
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SECTION  XIIL- 

TIDES. FORCES  THAT  PRODUCE  THEM. THREE  KINDS  OF  OSCIL- 
LATIONS IN  TH£  OCEAN.  THE  SEMIDIURNAL  TIDES.  —  EQUI- 
NOCTIAL TIDES.  —  EFFECTS  OF  THE  DECLINATION  OF  TUB  SUN  AND 
MOON.  THEORY  INSUFFICIENT  WITHOUT  OBSERVATION.  —  DI- 
RECTION OF  THE  TIDAL  WAVE.  —  HEIGHT  OP  TIDES. —MASS  OP 
MOON  OBTAINED  FROM  HER  ACTION  ON  THE  TIDES.  —  INTERFE- 
RENCE OF  UNDULATIONS.  •^IMPOSSIBILITY  OF  A  UNIVERSAL  INUN- 
DATION.   CURRENTS. 

One  of  the  most  immediate  and  remarkable  eflfects  of  a 
gravitating  force  external  to  the  earthy  is  the  alternate  rise 
and  fall  of  the  surface  of  the  sea  twice  in  the  course  of  8 
lunar  day^  or  24^  50"*  28^  of  mean  solar  time.  As  it  de- 
pends upon  the  action  of  the  sun  and  moon^  it  is  classed 
among  astronomical  problems^  of  which  it  is  by  far  the 
most  dlfiScult  and  its  explanation  the  least  satisfactory. 
The  form  of  the  surface  of  the  ocean  in  equilibrio  when 
revolving  with  the  earth  round  its  axis,  is  an  ellipsoid  flat- 
tened at  the  poles ;  but  the  action  of  the  sun  and  moon, 
especially  of  the  moon,  disturbs  the  equilibrium  of  the 
ocean.  If  the  moon  attracted  the  centre  of  gravity  of  the 
earth  and  all  its  particles  with  equal  and  parallel  forces,  the 
whole  system  of  the  earth  and  the  waters  that  cover  it  would 
yield  to  these  forces  with  a  common  motion,  and  the  equi- 
librium of  the  seas  would  remain  undisturbed.  The  dif- 
ference of  the  forces  and  the  inequality  of  their  directions 
alone  disturb  the  equilibrium. 

It  is  proved  by  daily  experience  as  well  as  by  strict 
mathematical  reasoning,  that  if  a  number  of  waves  or 
oscillations  be  excited  in  a  fluid  by  different  forces,  each 
pursues  its  course  and  has  its  effect  independently  of  the 
rest.  Now  in  the  tides  there  are  three  kinds  of  oscillations 
depending  on  different  causes,  and  producing  their  effects 
independently  of  each  other,  which  may  therefore  be  es. 
timated  separately. 


9B0T.  Xin.  THEORY   OF   THE   TIDES.  10? 

The  oscillations  of  the  first  kind^  which  are  very  small^ 
ire  independent  of  the  rotation  of  the  earth  ;  and  as  they 
iepend  upon  the  motion  of  the  disturbing  body  in  its  orbit^ 
hey  are  of  long  periods.  The  second  kind  of  oscillations 
lepends  upon  the  rotation  of  the  earthy  therefore  their 
period  is  nearly  a  day.  The  oscillations  of  the  third  kind 
mry  with  an  angle  equal  to  twice  the  angular  rotation  of 
he  earth,  and  consequently  happen  twice  in  twenty-four 
ioars.i  The  first  afford  no  particular  interest  and  are  ex- 
aremely  small ;  but  the  difference  of  two  consecutive  tides 
lepends  upon  the  second.  At  the  time  of  the  solstices  this 
lifierence,  which  ought  to  be  very  great  according  to  New- 
xm's  theory^  is  hardly  sensible  on  our  shores.  La  Place 
las  shown  that  the  discrepancy  arises  from  the  depth  of  the 
lea  ;  and  that  if  the  depth  were  uniform^  there  would  be 
10  difference  in  the  consecutive  tides  but  that  which  is  oc- 
»Bioned  by  local  circumstances.  It  follows  therefore  that 
ti  this  difference  is  extremely  small^  the  sea  considered  in 
I  large  extent  must  be  nearly  of  uniform  depth ;  that  is  to 
iiLj,  there  is  a  certain  mean  depth  from  which  the  deviation 
8  not  great.  The  mean  depth  of  the  Pacific  Ocean  is  sup- 
KMed  to  be  about  four  miles^  that  of  the  Atlantic  only  three^ 
vhich^  however,  is  mere  conjecture.  From  the  formula 
xrhich  determine  the  difference  of  the  consecutive  tides,  it 
s  proved  that  the  precession  of  the  equinoxes,  and  the  nu- 
ation  of  the  earth's  axis,  are  the  same  as  if  the  sea  formed 
»ne  soUd  mass  with  the  earth. 

Oscillations  of  the  third  kind  are  the  semidiurnal  tides 
o  remarkable  on  our  coasts.  They  are  occasioned  by  the 
»mbined  action  of  the  sun  and  moon  ;  but  as  the  effect  of 
itch  is  independent  of  the  other  they  may  be  considered 
eparately. 

The  particles  of  water  under  the  moon  are  more  at- 
rtcted  than  the  centre  of  gravity  of  the  earth,  in  the 
nverse  ratio  of  the  square  of  the  distances.     Hence  they 
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have  a  tendency  to  leave  the  earth,  hut  are  retained  by 
their  gravitation  which  is  diminished  by  this  tendency. 
On  the  contrary,  the  moon  attracts  the  centre  of  the  earth, 
more  powerfully  than  she  attracts  the  particles  of  water  in 
the  hemisphere  opposite  to  her ;  so  that  the  earth  has  a 
tendency  to  leave  the  waters,  hut  is  retained  by  gravita. 
tion  which  is  again  diminished  by  this  tendency.     Thus 
the  waters  immediately  under  the  moon  are  drawn  from 
the  earth,  at  the  same  time  that  the  earth  is  drawn  from 
those  which  are  diametrically  opposite   to   her,  in  both 
instances  producing  an  elevation  of  the  ocean  of  nearly  the 
same  height  above  the  surface  of  equilibrium ;   for  the 
diminution  of  the  gravitation  of  the  particles  in  each  posi- 
tion is  almost  the  same,  on  account  of  the  distance  of  the 
moon  being  great  in  comparison  of  the  radius  of  the  earth. 
Were  the  earth  entirely  covered  by  the  sea,  the  waters  thus 
attracted  by  the  moon  would  assume  the  form  of  an  oblong 
spheroid,  whose  greater  axis   would   point    towards   the 
moon  ;  since  the  columns  of  water  under  the  moon,  and  in 
the  direction  diametrically  opposite  to  her,  are  rendered 
lighter  in  consequence  of  the  diminution  of  their  gravita- 
tion ;  and  in  order  to  preserve  the  equilibrium,  the  axes 
90°  distant  would  be  shortened.     The  elevation  on  ac- 
count of  the  smaller  space  to  which  it  is  confined,  is  twice 
as  great  as  the  depression;  because  the  contents  of  the 
spheroid  always  remains  the  same.     If  the  waters  were 
capable  of  assuming  the  form  of  equilibrium    instanta- 
neously, that  is  the  form  of  the  spheroid,  its  summit  would 
always  point  to  the  moon  notwithstanding  the  earth's  rota- 
tion.    But  on  account  of  their  resistance,  the  rapid  motion 
produced  in  them  by  rotation  prevents  then'  from  assum- 
ing at  every  instant  the  form  which  the  equilibrium  of 
the  forces  acting  upon  them  requires.     Hence  on  account 
of  the  inertia  of  the  waters,  if  the  tides  be  considered  re- 
latively to  the  whole  earth  and  open  seas,  there  is  a  meridian 
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tiout  30^  eastward  of  the  moon,  where  it  is  always  high 
'ftter  both  in  the  hemisphere  where  the  moon  is  and  in 
lat  which  is  opposite.  On  the  west  side  of  this  circle  the 
de  is  flowing^  on  the  east  it  is  ebbing,  and  on  every  part 
f  the  meridian  at  90°  distant  it  is  low  water.  This 
reat  wave  which  follows  all  the  motions  of  the  moon  as 
ir  as  the  rotation  of  the  earth  will  permit^  is  modified  by 
be  action  of  the  sun,  the  effects  of  whose  attraction  are  in 
fery  respect  like  those  produced  by  the  moon  though 
;rieatly  less  in  degree.  Consequently  a  similar  wave  but 
auch  smaller  raised  by  the  sun  tends  to  follow  his  mo> 
10118,  which  at  times  combines  with  the  lunar  wave,  and 
tt  others  opposes  it,  according  to  the  relative  positions  of 
he  two  luminaries ;  but  as  the  lunar  wave  is  only  modi- 
ied  a  little  by  the  solar,  the  tides  must  necessarily  happen 
wice  in  a  day,  since  the  rotation  of  the  earth  brings  the 
Mne  point  twice  under  the  meridian  of  the  moon  in  that 
Ime,  once  under  the  superior  and  once  under  the  inferior 
neridian. 

In  the  semidiurnal  tides  there  are  two  phenomena  par. 
icolarly  to  be  distinguished,  one  occurring  twice  in  a 
month,  and  the  other  twice  in  a  year. 

The  first  phenomenon  is  that  the  tides  are  much  in- 
neaaed  in  the  syzigies,  or  at  the  time  of  new  and  full 
moon.^  In  both  cases  the  sun  and  moon  are  in  the  same 
meridian :  for  when  the  moon  is  new  they  are  in  con- 
junction ;  and  when  she  is  full  they  are  in  opposition.  In 
each  of  these  positions,  their  action  is  combined  to  produce 
the  highest  or  spring  tides  under  that  meridian,  and  the 
lowest  in  those  points  that  are  90°  distant.  It  is  observed 
that  the  higher  the  sea  rises  in  full  tide,  the  lower  it  is  in 
the  ebb.  The  neap  tides  take  place  when  the  moon  is  in 
quadrature  ;  they  neither  rise  so  high  nor  sink  so  low  as 
the  spring  tides.     The  spring  tides  are  much  increased 
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when  the  moon  is  in  perigee,  because  she  is  then  nearest 
to  the  earth.  It  is  evident  that  the  spring  tides  must 
happen  twice  in  a  months  since  in  that  time  the  moon  is 
once  new  and  once  full. 

The  second  phenomenon  in  the  tides  is  the  augment- 
ation occurring  at  the  time  of  the  equinoxes  when  the 
sun's  declination^  is  zero^  which  happens  twice  every 
year.  The  greatest  tides  take  place  when  a  new  or  full 
moon  happens  near  the  equinoxes^  while  the  moon  is  in 
perigee.  The  inclination  of  the  moon's  orbit  to  the  ecliptic 
is  5°  8'  4i7^^'9 ;  hence  in  the  equinoxes  the  action  of  the 
moon  would  be  increased  if  her  node  were  to  coincide  with 
her  perigee;  for  it  is  clear  that  the  action  of  the  sun 
and  moon  on  the  ocean  is  most  direct  and  intense  when 
they  are  in  the  plane  of  the  equator^  and  in  the  same  me- 
ridian^ and  when  the  moon  in  conjunction  or  opposition  is 
at  her  least  distance  from  the  earth.  The  spring  tides 
which  happen  under  all  these  favourable  circumstances 
must  be  the  greatest  possiblcp  The  equinoctial  gales  often 
raise  them  to  a  great  height.  Besides  these  remarkable 
variations,  there  are  others  arising  from  the  declination 
or  angular  distance  of  the  sun  and  moon  from  the  plane  of 
the  equator,  which  have  a  great  influence  on  the  ebb  and 
flow  of  the  waters.  The  sun  and  moon  are  continually 
making  the  circuit  of  the  heavens  at  different  distances 
from  the  plane  of  the  equator,  on  account  of  the  obliquity 
of  the  ecliptic  and  the  inclination  of  the  lunar  orbit.  The 
moon  takes  about  twenty-nine  days  and  a  half  to  vary 
through  all  her  declinations,  which  sometimes  extend  28| 
degrees  on  each  side  of  the  equator,  while  the  sun  requires 
nearly  365  days  to  accomplish  his  motion  from  tropic  to 
tropic  through  about  23^  degrees ;  so  that  their  combined 
motion  causes  great  irregularities,  and  at  times  their 
attractive  forces  counteract  each  other's  effects  to  a  certain 
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Stent ;  bnt  on  an  average  the  mean  monthly  range  of 
Jie  moon's  declination  is  nearly  the  same  as  the  annual 
'tnge  of  the  declination  of  the  sun :  consequently  the 
lighest  tides  take  place  within  the  tropics^  and  the  lowest 
owards  the  poles.  The  declination  of  the  moon  likewise 
MUses  the  two  tides  of  the  same  day  to  rise  to  unequal 
leights ;  this  diurnal  inequality  of  course  vanishes  when 
Jie  moon  is  in  the  equator. 

Both  the  height  and  time  of  high  water  are  thus  per- 
letaally  changing  *  therefore  in  solving  the  problem  it 
s  required  to  determine  the  heights  to  which  the  tides 
riae,  the  times  at  which  they  happen^  and  the  daily  vari- 
itions.  Theory  and  observation  show  that  each  partial 
ide  increases  as  the  cube  of  the  apparent  diameter^  or  of 
iie  parallax  of  the  body  which  produces  it^  and  that  it 
liminlshes  as  the  square  of  the  cosine  of  the  declination  ^ 
if  that  body.  For  the  greater  the  apparent  diameter  the 
nearer  the  body^  and  the  more  intense  its  action  on  the 
sea ;  but  the  greater  the  declination  the  less  the  action^ 
because  it  is  less  direct. 

The  periodic  motions  of  the  waters  of  the  ocean,  on  the 
hypothesis  of  an  ellipsoid  of  revolution  entirely  covered  by 
the  sea,  are  very  far  from  according  with  observation. 
This  arises  from  the  very  great  irregularities  in  the  surface 
jf  the  earth,  which  is  but  partially  covered  by  the  sea; 
Prom  the  variety  in  the  depths  of  the  ocean,  the  manner  in 
sirhich  it  is  spread  out  on  the  earth,  the  position  and  in- 
clination of  the  shores,  the  currents,  and  the  resistance 
the  waters  meet  with  :  causes  impossible  to  estimate,  but 
which  modify  the  oscillations  of  the  great  mass  of  the 
ocean.  However  amidst  all  these  irregularities,  the  ebb 
and  flow  of  the  sea  maintain  a  ratio  to  the  forces  producing 
them  suflScient  to  indicate  their  nature,  and  to  verify  the 
law  of  the  attraction  of  the  sun  and  moon  on  the  sea.     La 
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Place  observes  that  the  investigation  of  such  relations 
between  cause  and  effect^  is  no  less  useful  in  natural  phi- 
losophy than  the  direct  solution  of  problems  either  to 
prove  the  existence  of  the  causes^  or  to  trace  the  laws  of 
their  effects.  Like  the  theory  of  probabilities  it  is  a 
happy  supplement  to  the  ignorance  and  weakness  of  the 
human  mind.  Thus  the  problem  of  the  tides  does  not 
admit  of  a  general  solution.  It  is  indeed  necessary  to 
analyse  the  general  phenomena  which  ought  to  residt  from 
the  attraction  of  the  sun  and  moon,  but  these  must  be 
corrected  in  each  particular  case  by  local  observations  mo- 
dified by  the  extent  and  depth  of  the  sea^  and  the  peculiar 
circumstances  of  the  place. 

Since  the  disturbing  action  of  the  sun  and  moon  can 
only  become  sensible  in  a  very  great  extent  of  water,  the 
Pacific  Ocean  must  be  one  of  the  principal  sources  of  our 
tides.  But  in  consequence  of  the  rotation  of  the  earth 
and  the  inertia  of  the  ocean,  high  water  does  not  happen 
till  some  time  after  the  moon's  southing.  ^  The  tide  raised 
in  that  world  of  waters  is  transmitted  to  the  Atlantic,  from 
which  sea  it  moves  in  a  northerly  direction  along  the  coasts 
of  Africa  and  Europe,  arriving  later  and  later  at  each 
place.  This  great  wave  however  is  modified  by  the  tide 
raised  in  the  Atlantic,  which  sometimes  combines  with 
that  from  the  Pacific  in  raising  the  sea,  and  sometimes  is 
in  opposition  to  it,  so  that  the  tides  only  rise  in  proportion 
to  their  difference.  This  vast  combined  wave  reflected  by 
the  shores  of  the  Atlantic  extending  nearly  from  pole  to 
pole,  still  coming  northward,  pours  through  the  Irish  and 
British  Channels  into  the  North  Sea  ;  so  that  the  tides  in 
our  ports  are  modified  by  those  of  another  hemisphere. 
Thus  the  theory  of  the  tides  in  each  port,  both  as  to  their 
height  and  the  times  at  which  they  take  place,  is  really  a 
matter  of  experiment,  and  can  only  be  perfectly  determined 
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by  the  mean  of  a  very  great  number  of  observations^  in- 
cluding several  revolutions  of  the  moon's  nodes. 

The  height  to  which  the  tides  rise  is  much  greater  in 
narrow  channels  than  in  the  open  sea^  on  account  of  the 
dbstrudions  they  meet  with.  The  sea  is  so  pent  up  in 
the  British  Channel  that  the  tides  sometimes  rise  as  much 
as  fifty  feet  at  St  Malo  on  the  coast  of  France ;  whereas 
on  the  shores  of  some  of  the  South  Sea  islands  near  the 
eentre  of  the  Pacific^  they  do  not  exceed  one  or  two  feet. 
The  winds  have  great  influence  on  the  height  of  the 
tides,  according  as  they  conspire  with  or  oppose  them. 
Bat  the  actual  effect  of  the  wind  in  exciting  the  waves  of 
the  ocean  extends  very  little  below  the  surface.  Even  in 
the  most  violent  storms^  the  water  is  probably  calm  at  the 
depth  of  ninety  or  a  hundred  feet.  The*  tidal  wave  of  the 
ocean  does  not  reach  the  Mediterranean  nor  the  Baltic^ 
partly  from  their  position  and  partly  from  the  narrowness 
of  the  Straits  of  Gibraltar  and  of  the  Categat^  but  it  is 
very  perceptible  in  the  Red  Sea  and  in  Hudson's  Bay.  In 
high  latitudes  where  the  ocean  is  less  directly  under  the 
influence  of  the  luminaries  the  rise  and  fall  of  the  sea  is 
inconsiderable^  so  that  in  all  probability  there  is  no  tide 
at  the  poles^  or  only  a  small  annual  and  monthly  tide. 
The  ebb  and  flow  of  the  sea  are  perceptible  in  rivers  to  a 
very  great  distance  from  their  estuaries.  In  the  Straits  of 
Pauxis,  in  the  river  of  the  Amazons/  more  than  five  hun- 
dred miles  from  the  sea^  the  tides  are  evident.  It  requires 
so  many  days  for  the  tide  to  ascend  this  mighty  stream^ 
that  the  returning  tides  meet  a  succession  of  those  which 
are  coming  up ;  so  that  every  possible  variety  occurs  at 
some  part  or  other  of  its  shores,  both  as  to  magnitude  and 
time.  It  requires  a  very  wide  expanse  of  water  to  accu- 
mulate the  impulse  of  the  sun  and  moon,  so  as  to  render 
their  influence  sensible ;  on  that  account  the  tides  in  the 
Mediterranean  and  Black  Sea  are  scarcely  perceptible. 
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These  pa*petual  commotions  in  the  wateis  are  occa- 
sioned by  forces  that  bear  a  very  small  proportioii  to  ter^ 
restrial  gravitation  :  the  sun's  action  in  raising  the  ocean  is 
only  the  3e4  4'e^ao  of  gravitation  at  the  earth's  surface^  and 
the  action  of  the  moon  is  little  more  than  twice  as  much  ; 
these  forces  being  in  the  ratio  of  1  to  2'353SS,  when  the 
sun  and  moon  are  at  their  mean  distances  from  the  earth* 
From  this  ratio  the  mass  of  the  moon  is  found  to  be  only 
the  -^  part  of  that  of  the  earth.  Had  the  action  of  the  son 
on  the  ocean  been  exactly  equal  to  that  of  the  moon  there 
would  have  been  no  neap  tides,  and  the  spring  tides  would 
have  been  of  twice  the  height  which  the  action  of  either 
the  sun  or  moon  would  have  produced  separately;  a  phe- 
nomenon depending  upon  the  interference  of  the  waves  <Hr 
undulations. 

A  stone  plunged  into  a  pool  of  still  water  occasions  a 
series  of  waves  to  advance  along  the  surface^  though  the 
water  itself  is  not  carried  forward,  but  only  rises  into 
heights  and  sinks  into  hollows,  each  portion  of  the  surface 
being  elevated  and  depressed  in  its  turn.  Another  stone 
of  the  same  size  thrown  into  the  water  near  the  first,  will 
occasion  a  similar  set  of  undulations.  Then  if  an  equal 
and  similar  wave  from  each  stone  arrive  at  the  same  spot 
at  the  same  time,  so  that  the  elevation  of  the  one  exactly 
coincides  with  the  elevation  of  the  other,  their  united  effect 
will  produce  a  wave  twice  the  size  of  either.  But  if  one 
wave  precede  the  other  by  exactly  half  an  undulation,  the 
elevation  of  the  one  will  coincide  with  the  hollow  of  the 
other,  and  the  hollow  of  the  one  with  the  elevation  of  the 
other;  and  the  waves  will  so  entirely  obliterate  one  another, 
that  the  surface  of  the  water  will  remain  smooth  and  level. 
Hence  if  the  length  of  each  wave  be  represented  by  1, 
they  will  destroy  one  another  at  intervals  of  ^,  4,  4,  &c., 
and  will  combine  their  effects  at  the  intervals  1,  2,  3, 
&c.     It  will  be  found  according  to  this  principle  when 


SBOT.  Zm.  IKTERFKHEKCE   OF   WAVES.  115 

Still  water  is  disturbed  by  the  fall  of  two  equal  stones^ 
that  there  are  certain  lines  on  its  surface  of  a  hyperbolic 
kfttn,  where  the  water  is  smooth  in  consequence  of  the 
waves  obliterating  each  other ;  and  that  the  elevation  of 
the  water  in  the  adjacent  parts  corresponds  to  both  the 
waves  united.l  Now  in  the  spring  and  neap  tides  aris- 
ing firom  the  combination  of  the  simple  soli-lunar  waves^ 
file  spring  tide  is  the  joint  result  of  the  combination  when 
ihej  coincide  in  time  and  place ;  and  the  neap  tide  hap- 
pens when  they  succeed  each  other  by  half  an  interval^  so 
as  to  leave  only  the  effect  of  their  difference  sensible.  It 
is  therefore  evident  that  if  the  solar  and  hinar  tides  were 
of  tiie  same  height  there  would  be  no  difierence,  con- 
se^uendy  no  neap  tides,  and  the  ^spring  tides  .would  be 
twice  as  high  as  either  separately.  In  the  port  of  Batsha 
in  Tonquin^  where  the  tides  arrive  by  two  channels  of 
lengths  corresponding  to  half  an  interval,  there  is  neither 
high  nor  low  water  on  account  of  the  interference  of  the 
waves. 

Hie  initial  state  of  the  ocean  has  no  iniSuence  on  the 
tides ;  for  whatever  its  primitive  conditions  may  have 
been,  diey  must  soon  have  vanished  by  the  friction  and 
mobility  of  the  fluid.  One  of  the  most  remarkable  cir- 
enmstances  in  the  theory  of  the  tides  is  the  assurance,  that 
in  cmisequence  of  the  density  of  the  sea  being  only  one 
fifth  of  the  mean  density  of  the  earth,  and  the  earth  itself 
increasing  in  density  towards  the  centre,  the  stability  of 
the  equilibrium  of  the  ocean  never  can  be  subverted  by  any 
physical  cause.  A  general  inundation  arising  from  the 
mere  instability  of  the  ocean  is  therefore  impossible.  A 
variety  of  circumstances  however  tend  to  produce  partial 
variations  in  the  equilibrium  of  the  seas,  which  is  restored 
by  means  of  currents.  .  Winds  and  the  periodical  melting 

1  Note  1j6. 
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of  the  ice  at  the  poles  occasion  temporary  water-courses ; 
but  by  far  the  most  important  causes  are  the  centrifugal 
force  induced  by  the  velocity  of  the  earth's-  rotation^  and 
variations  in  the  density  of  the  sea. 

The  centrifugal  force  may  be  resolved  into  two  forces- 
one  perpendicular^  and  another  tangent  to  the  earth's  sur- 
face.^    The  tangential  force  though  small^  is  sufficient  to 
make  the  fluid  particles  within  the  polar  circles  tend  to- 
wards the  equator  J  and  the  tendency  is  much  increased  by 
the  immense  evaporation  in  the  equatorial  regions  from  the 
heat  of  the  sun^  which  disturbs  the  equilibrium  of  the 
ocean.     To  this  may  also  be  added  the  superior  density  of 
the  waters  near  the  poles,  partly  from  their  low  temperatnie 
and  partly  from   their  gravitation  being  less  diminished 
by  the  action  of  the  sun  and  moon  than  that  of  the  seas  of 
lower  latitudes.     In  consequence  of  the  combination  of  all 
these  circumstances^   two  great   currents   perpetually  set 
from  each  pole  towards  the  equator.     But  as  they  come 
from  latitudes  where  the  rotatory  motion  of  the  surface  of 
the  earth  is  very  much  less  than  it  is  between  the  tropics, 
on  account  of  their  inertia,  they  do  not  immediately  acquire 
the  velocity  with  which  the  solid  part  of  the  earth's  surface 
is  revolving  at  the  equatorial  regions  ;  from  whence  it  fol- 
lows that  within  twenty-five  or  thirty  degrees  on  each  side 
of  the  line,  the  ocean  appears  to  have  a  general  motion 
from  east  to  west,  which  is  much  increased  by  the  action 
of  the  trade  winds.     This  mighty  mass  of  rushing  waters 
at  about  the  tenth  degree  of  south  latitude  is  turned  to- 
wards the  north-west  by  the  coast  of  America,  runs  through 
the  Gulf  of  Mexico,  and  passing  the  Straits  of  Florida  at 
the  rate  of  five  miles  an  hour,  forms  the  well-known  cur- 
rent of  the  Gulf-stream  which  sweeps  along  the  whole 
coast  of  America  and  runs  northward  as  far  as  the  bank  of 

I  Note  157. 
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Newfoundland^  then  bending  to  the  east  it  flows  past 
the  Azores  and  Canary  islands^  till  it  joins  the  great 
westerly  current  of  the  tropics  about  latitude  21°  north. 
According  to  M.  de  Humboldt  this  great  circuit  of  3800 
leagues^  which  the  waters  of  the  Atlantic  are  perpetually 
describing  between  the  parallels  of  eleven  and  forty-three 
degrees  of  latitude,  may  be  accomplished  by  any  one  par- 
ticle in  two  years  and  ten  months.  In  the  centre  of  this 
current  is  situated  the  wide  field  of  floating  sea- weed  called 
the  grassy  sea.  Besides  this  there  are  branches  of  the 
Gulf-stream^  which  convey  the  fruits,  seeds^  and  a  portion 
of  the  warmth  of  the  tropical  climates  to  our  northern 
shores. 

The  general  westward  motion  of  the  South  Sea  together 
with  the  south  polar  current^  produce  various  water-courses 
in  the  Pacific  and  Indian  Oceans  according  as  the  one  or 
the  other  prevails.  The  western  set  of  the  Pacific  causes 
currents  to  pass  on  each  side  of  Australia^  while  the  polar 
stream  rushes  along  the  bay  of  Bengal :  the  westerly  cur- 
rent again  becomes  most  powerful  towards  Ceylon  and  the 
Maldives^  whence  it  stretches  by  the  extremity  of  the 
Indian  peninsula  past  Madagascar  to  the  most  northern 
point  of  the  continent  of  Africa^  where  it  mingles  with  the 
general  motion  of  the  seas.  Icebergs  are  sometimes  drifted 
as  far  as  the  Azores  from  the  north  pole,  and  from  the 
south  pole  they  have  come  even  to  the  Cape  of  Good 
Hope.  But  the  ice  which  encircles  the  south  pole  extends 
to  lower  latitudes  by  10°  than  that  which  surroimds  the 
north.  In  consequence  of  the  polar  current  Sir  Edward 
Parry  was  obliged  to  give  up  his  attempt  to  reach  the 
north  pole  in  the  year  1 827^  because  the  fields  of  ice  were 
drifting  to  the  south  faster  than  his  party  could  travel  over 
them  to  the  north. 

As  distinct  currents  of  air  traverse  the  atmosphere  in 
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horizontal  strata^  so  in  all  probability  under  currents  in  the 
ocean  flow  in  opposite  directions  from  those  on  the  surface ; 
and  there  is  every  reason  to  believe  that  the  cold  waters^ 
deep  below  the  surface  of  the  sea  in  the  equinoctial  regions^ 
are  brought  by  submarine  currents  &om  the  poles^  thou^ 
it  is  not  easy  to  prove  their  exist^ce. 
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SECTION  XIV. 
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ISOMORPHI83T.  —MATTER   CONSISTS  OF  ATOMS  OF  DEFINITE   FORM. 
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The  oscillations  of  the  atmosphere  and  its  action  upon 
rays  of  light  coming  from  the  heavenly  bodies^  connect  the 
science  of  astronomy  with  the  equilibrium  and  movements 
of  fluids^  and  the  laws  of  molecular  attraction.  Hitherto 
that  force  has  been  under  consideration  which  acts  upon 
masses  of  matter  at  sensible  distances ;  but  now  the  effects 
of  such  forces  are  to  be  considered  as  act  at  inappreciable 
distances  upon  the  ultimate  atoms  of  material  bodies. 

All  substances  consist  of  an  assemblage  of  material 
particles^  which  are  far  too  small  to  be  visible  by  any 
means  human  ingenuity  has  yet  been  able  to  devise, 
and  which  are  much  beyond  the  limits  of  our  perceptions. 
Since  every  known  substance  may  be  reduced  in  bulk  by 
pressure^  it  follows  that  the  particles  of  matter  are  not  in 
actual  contact  but  are  separated  by  interstices^  owing  to  the 
repidsive  principle  that  maintains  them  at  extremely  minute 
distances  from  one  another.  It  is  evident  that  the  smaller 
the  interstitial  spaces  the  greater  the  density.  These 
spaces  appear  in  some  cases  to  be  filled  with  air^  as  may 
be  inferred  from  certain  semi-opaque  minerals  and  other 
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substances  becoming  transparent  wben  plunged  into  water ; 
sometimes  tbey  may  possibly  contain  some  unknown  and 
higbly  elastic  fluids  such  as  Sir  David  Brewster  has  dis- 
covered in  the  minute  cavities  of  various  minerals^  which 
occasionally  causes  these  substances  to  explode  with  violence 
when  under  the  hands  of  the  lapidary^  but  in  general  they 
seem  to  our  senses  to  be  void ;  yet  as  it  is  inconceivable 
that  the  particles  of  matter  should  act  upon  one  another 
without  some  means  of  communication,  there  is  every  reason 
to  presume  that  the  interstices  of  material  substances  con. 
tain  a  portion  of  that  subtle  ethereal  and  elastic  fluid  with 
which  the  regions  of  space  are  replete. 

Substances  compressed  by  a  sufficient  force,  are  said 
to  be  more  or  less  elastic  according  to  the  facility  with 
which  they  regain  their  bulk  or  volume  when  the  pres- 
sure is  removed;  a  property  which  depends  upon  the 
repulsive  force  of  their  particles,  and  the  effort  required 
to  compress  the  substance  is  a  measure  of  the  intensity  of 
that  repulsive  force  which  varies  with  the  nature  of  the 
substance. 

By  the  laws  of  gravitation  the  particles  of  matter  attract 
one  another  when  separated  by  sensible  distances,  and  as 
they  repel  each  other  when  they  are  inappreciably  near,  it 
recently  occurred  to  Professor  Mossotti  of  Corfu,  that  there 
might  be  some  intermediate  distance  at  which  the  particles 
might  neither  attract  nor  repel  one  another,  but  re- 
main balanced  in  that  stable  equilibrium  which  they  are 
found  to  maintain  in  every  material  substance  solid  and 
fluid. 

It  has  long  been  a  hypothesis  among  philosophers  that 
electricity  is  the  agent  which  binds  the  particles  of  matter 
together.  We  are  totally  ignorant  of  the  nature  of  elec- 
tricity, but  it  is  generally  supposed  to  be  an  ethereal  fluid 
in  the  highest  state  of  elasticity  surrounding  every  particle 
of  matter ;  and  as  the  earth  and  the  atmosphere  are  replete 
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with  it  in  a  latent  state^  there  is  every  reason  to  helieve 
that  it  is  unbounded^  filling  the  regions  of  space. 

The  celebrated  Franklin  was  the  first  who  explained 
the  phenomena  of  electricity  in  repose,  by  supposing  the 
molecules  of  bodies  to  be  surrounded  by  an  atmosphere 
of  the  electric  fluid ;  and  that  while  the  electric  atoms  repel 
one  another,  they  are  attracted  by  the  material  molecules 
of  the  body.  These  forces  of  attraction  and  repulsion 
were  afterwards  proved  by  Coulomb  to  vary  inversely  as  the 
squares  of  the  distance.  The  hypothesis  of  Franklin  was 
reduced  to  a  mathematical  theory  by  w^pinus,  and  the 
most  refined  analysis  has  been  employed  by  the  Baron 
Poisson  in  explanation  of  electric  phenomena.  Still  these 
philosophers  were  unable  to  reconcile  the  attraction  of  the 
molecules  of  matter  inversely  as  the  squares  of  the  distance 
0B  proved  by  Newton,  with  their  mutual  repulsion  accord- 
ing to  the  same  law.  But  Professor  Mossotti  has  recently 
shown,  by  a  very  able  analysis,  that  there  are  strong 
grounds  for  believing  that  not  only  the  molecular  forces 
which  unite  the  particles  of  material  bodies  depend  on 
the  electric  fluid,  but  that  even  gravitation  itself,  which 
binds  world  to  world  and  sun  to  sun,  can  no  longer  be 
regarded  as  an  ultimate  principle,  but  the  residual  portion 
of  a  far  more  powerful  force  generated  by  that  energetic 
agent  which  pervades  creation. 

It  is  true  that  this  connexion  between  the  molecular  forces 
and  gravitation  depends  upon  a  hypothesis ;  but  in  the 
greater  number  of  physical  investigations,  some  hypothesis 
is  requisite  in  the  first  instance  to  aid  the  imperfection  of 
our  senses.  Yet,  when  the  phenomena  of  nature  accord 
with  the  assumption,  we  are  justified  in  believing  it  to  be  a 
general  law. 

As  the  particles  of  material  bodies  are  not  in  actual 
contact.  Professor  Mossotti  supposes  that  each  is  encom- 
passed by  an  atmosphere  of  the  ethereal  fluid ;  that  the 
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atoms  of  the  fluid  repel  one  another ;  that  the  molecnks 
of  matter  repel  one  another  hut  with  less  intensity ;  and 
that  there  is  a  mutual  attraction  hetween  the  particles  of 
matter  and  the  atoms  of  the  fluid.  Forces  which  we 
know  to  exist  and  which  he  assumes  to  vary  inversely  as 
squares  of  the  distance.  The  following  important  results 
have  heen  ohtained  by  the  Professor  from  the  adjustment 
of  these  three  forces :  — 

When  the  material  molecules  of  a  body  are  inappreci- 
ably near  to  one  another^  they  mutually  repel  each  other 
vrith  a  force  which  diminshes  rapidly  as  the  infinitely 
small  distance  between  the  material  molecules  augments^ 
and  at  last  vanishes.  When  the  molecules  are  still  fur- 
ther apart^  the  force  becomes  attractive.  At  that  particular 
point  where  the  change  takes  place^  the  forces  of  repulsion 
and  attraction  balance  each  other^  so  that  the  molecules  of 
a  body  are  neither  disposed  to  approach  nor  recede  but 
remain  in  equilibrio.  If  we  try  to  press  them  nearer  the 
repulsive  force  resists  the  attempt ;  and  if  we  endeavour 
to  break  the  body  so  as  to  tear  the  particles  asunder^  the 
attractive  force  predominates  and  keeps  them  together. 
This  is  what  constitutes  the  cohesive  force,  or  force  of 
aggregation,  by  which  the  molecules  of  all  substances  are 
united.  The  limits  of  the  distance  at  which  the  negative 
action  becomes  positive  vary  according  to  the  temperature 
and  nature  of  the  molecules,  and  determine  whether  the 
body  which  they  form  be  solid,  liquid,  or  aeriform. 

Beyond  this  neutral  point  the  attractive  force  increases 
as  the  distance  between  the  molecules  augments  till  it 
attains  a  maximum  ;  when  the  particles  are  more  apart 
it  diminishes  ;  and  as  soon  as  they  are  separated  by  finite 
or  sensible  distances,  it  varies  directly  as  their  mass  and 
inversely  as  the  squares  of  the  distance,  which  is  precisely 
the  law  of  universal  gravitation. 

Thus  on  the  hypothesis  that  the  mutual  repulsion  be- 
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tween  the  electric  atoms  is  a  little  more  powerful  than  the 
mataal  repulsion  between  the  particles  of  matter^  the  ether 
and  the  matter  attract  each  other  with  unequal  intensities^ 
which  leaves  an  excess  of  attractiTe  force  constituting  gra- 
vitation. As  the  gravitating  force  is  in  operation  wherever 
there  is  matter^  the  ethereal  electric  fluid  must  encompass 
all  the  bodies  in  the  universe  ;  and  as  it  is  utterly  incom- 
prehensible that  the  celestial  bodies  should  exert  a  reciprocal 
attraction  through  a  void^  this  important  investigation  of 
Professor  Mossotti  furnishes  additional  presumption  in 
fiivour  of  a  universal  ether^  already  all  but  proved  by  the 
motion  of  comets  and  tiie  theory  of  light. 

In  agriform  fluids  the  particles  of  matter  are  more 
lemotefrom  each  otiier  than  in  liquids  and  solids;  but 
the  pressure  may  be  so  great  as  to  reduce  an  aeriform 
fluid  to  a  liquid^  and  a  liquid  to  a  solid.  Dr.  Faraday 
has  reduced  some  of  tiie  gases  to  a  liquid  state  by  very 
great  compression ;  but  although  atmospheric  air  is  capable 
of  a  diminution  of  volume  to  which  we  do  not  know  the 
limits  it  has  hitherto  always  retained  its  gaseous  properties^ 
and  resumes  its  primitive  volume  the  instant  the  pressure 
is  removed. 

If  the  particles  approach  sufficiently  near  to  produce 
equilibrium  between  the  attractive  and  repulsive  forces,  but 
not  near  enough  to  admit  of  any  influence  from  their  form^ 
perfect  mobility  will  exist  among  them  resulting  from  the 
similarity  of  their  attractions,  and  they  will  offer  great  re- 
rastanoe  when  compressed ;  properties  which  characterise 
liquids  in  which  the  repulsive  principle  is  greater  than  in 
the  gases.  When  the  distance  between  the  particles  is  still 
less  solids  are  formed.  But  the  nature  of  their  structure 
will  vary,  because  at  such  small  distances  the  power  of 
the  mutual  attraction  of  the  particles  will  depend  upon 
their  form,  and  will  be  modified  by  the  sides  they  present 
to  one  another  during  their  aggregation.     Besides  these 


124  CONSTITUTION   OF   BODIES.  SECT.  XIV. 

three  conditions  of  matter,  there  are  an  infinite  variety  of 
Others  corresponding  to  the  various  limits  at  which  the 
two  contending  forces  are  balanced^  which  may  be  observed 
in  the  fusion  of  metals^  and  other  substances  passing  from 
hardness  to  toughness^  viscidity,  and  through  all  the ''other 
stages  to  perfect  fluidity  and  even  to  vapour. 

The  effort  required  to  break  a  substance  is  a  measure  of 
the  intensity  of  the  cohesive  force  exerted  by  its  particles, 
which  is  as  variable  as  the  intensity  of  the  repulsive  prin- 
ciple. In  stone,  iron^  steely  and  all  brittle  and  hard  bodies^ 
the  cohesion  of  the  particles  is  powerful  but  of  small  ex* 
tent.  In  elastic  substances^  on  the  contrary^  its  action  is 
weak  but  more  extensive.  Since  all  bodies  expand  by 
heat  the  cohesive  force  is  weakened  by  an  increase  of 
temperature. 

Every  particle  of  matter,  whether  it  forms  a  constituent 
part  of  a  solid  liquid  or  aeriform  fluid  is  subject  to  the 
law  of  gravitation.  The  weight  of  the  atmosphere,  of 
gases  and  vapour,  shows  that  they  consist  of  gravitating 
particles.  In  liquids  the  cohesive  force  is  not  sufficiently 
powerful  to  resist  the  action  of  gravitation.  Therefore 
although  their  component  particles  still  maintain  their 
connexion,  the  liquid  is  scattered  by  their  weight,  unless 
when  it  is  confined  in  a  vessel  or  has  already  descended 
to  the  lowest  point  possible,  and  assumed  a  level  surface 
from  the  mobility  of  its  particles  and  the  influence  of 
the  gravitating  force  as  in  the  ocean,  or  a  lake.  Solids 
would  also  fall  to  pieces  by  the  weight  of  their  particles,  if 
the  force  of  cohesion  were  not  powerful  enough  to  resist 
the  efforts  of  gravitation. 

The  phenomena  arising  from  the  force  of  cohesion  are 
innumerable.  The  spherical  form  of  rain-drops  ;  the  dif- 
ficulty of  detaching  a  plate  of  glass  from  the  surface  of 
water ;  the  force  with  which  two  plane  surfaces  adhere 
when  pressed  together ;  the  drops  that  cling  to  the  window- 
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g^ass  in  a  sboWer  of  rain  -—  are  all  effects  of  cohesion  en- 
tirely independent  of  atmospheric  pressure^  and  are  included 
in  the  same  analytical  formula^  which  expresses  all  the 
circumstances  accurately^  although  the  laws  according  to 
which  the  forces  of  cohesion  and  repulsion  vary  are  un- 
known. It  is  more  than  probable  that  the  spherical  form 
of  the  sun  and  planets  is  due  to  the  force  of  cohesion,  as 
they  have  every  appearance  of  having  been  at  one  period 
in  a  state  of  fusion. 

A  very  remarkable  instance  of  cohesion  has  occasionally 
been  observed  in  plate-glass  manufactories.  After  the  large 
plates  of  glass  of  which  the  mirrors  are  to  be  made  have 
received  their  last  polish^  they  are  carefully  wiped  and  laid 
on  their  edges  with  their  surfaces  resting  on  one  another. 
In  the  course  of  time  the  cohesion  has  sometimes  been  so 
powerful^  that  they  could  not  be  separated  without  break- 
ing. Instances  have  occurred  where  two  or  three  have  been 
so  perfectly  united^  that  they  have  been  cut  and  their  edges 
polished  as  if  they  had  been  fused  together^  and  so  great 
was  the  force  required  to  make  the  surfaces  slide  that  one 
tore  off  a  portion  of  the  surface  of  the  other. 

The  size  of  the  ultimate  particles  of  matter  must  be 
small  in  the  extreme.  Organised  beings  possessing  life 
and  all  its  functions^  have  been  discovered  so  small  that  a 
million  of  them  would  occupy  less  space  than  a  grain  of 
sand.  The  malleability  of  gold,  the  perfume  of  musk,  the 
odour  of  flowers,  and  many  other  instances  might  be  given 
of  the  excessive  minuteness  of  the  atoms  of  matter ;  yet 
from  a  variety  of  circumstances  it  may  be  inferred  that 
matter  is  not  infinitely  divisible.  Dr.  WoUaston  has  shown 
that  in  all  probability  the  atmospheres  of  the  sun  and  pla- 
nets as  well  as  of  the  earth  consist  of  ultimate  atoms  no 
longer  divisible ;  and  if  so,  that  our  atmosphere  only  extends 

1  Note  158. 
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to  that  point  where  the  terreBtrial  attraction  is  balanced  by 
the  elasticity  of  the  air.  The  definite  proportions  of  die- 
mical  compounds  afford  one  of  the  best  proofs  that  divisi- 
bility of  matter  has  a  limit.  The  cohesive  fcHroe  which 
has  been  the  subject  of  the  preceding  considerations^  only 
unites  particles  of  the  same  kind  of  matter;  whereas  affinity^ 
which  is  the  cause  of  chemical  compounds^  is  the  mutual 
attraction  between  particles  of  different  kinds  of  mattor^ 
and  is  merely  a  result  of  the  electrical  state  of  the  par- 
ticles^ chemical  affinity  and  electricity  being  only  fonns  of 
the  same  powers. 

It  is  a  permanent  and  universal  law  in  all  unorganised 
bodies  hitherto  analysed^  that  the  composition  of  substances 
is  definite  and  invariable^  the  same  compound  always  con- 
sisting of  the  same  elements  united  together  in  the  same 
proportions.  Two  substances  may  indeed  be  mixed ;  but 
they  will  not  combine  to  form  a  third  substance  difierent 
from  both,  unless  their  component  particles  unite  in  de- 
finite proportions,  that  is  to  say,  one  part  by  weight  of  one 
of  the  subtances  will  unite  with  one  part  by  weight  of  the 
other,  or  with  two  parts,  or  three,  or  four,  &c.,  so  as  to 
form  a  new  substance ;  but  in  any  other  proportions  they 
will  only  be  mechanically  mixed.  For  example,  one  part 
by  weight  of  hydrogen  gas  will  combine  with  eight  parts 
by  weight  of  oxygen  gas  and  form  water ;  or  it  will  unite 
with  sixteen  parts  by  weight  of  oxygen,  and  form  a  sub- 
stance called  deutoxide  of  hydrogen;  but  added  to  any 
other  weight  of  oxygen,  it  will  produce  one  or  both  of 
these  compounds  mingled  with  the  portion  of  oxygen  or 
hydrogen  in  excess.  The  law  of  definite  proportion  esta- 
blished by  Dr.  Dalton,  on  the  principle  that  every  com- 
pound body  consists  of  a  combination  of  the  atoms  of  its 
constituent  parts  is  of  universal  application,  and  is  in 
fact  one  of  the  most  important  discoveries  in  physical 
science,  furnishing  information  previously  unhoped  for  with 
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Kgard  to  the  most  secret  and  minute  operations  of  nature, 
in  disclosing  the  relative  weights  of  the  ultimate  atoms  of 
matter.  Thus  an  atom  of  oxygen  uniting  with  an  atom 
of  hydrogen  forms  the  compound  water ;  but  as  every 
drop  of  water  however  small  consists  of  eight  parts  by 
weight  of  oxygen^  and  one  part  by  weight  of  hydrogen^ 
it  follows  that  an  atom  of  oxygen  is  eight  times  heavier 
than  an  atom  of  hydrogen.  In  the  same  manner  sulphur- 
etted hydrogen  gas  consists  of  sixteen  parts  by  weight  of 
sulphur  and  one  of  hydrogen ;  therefore  an  atom  of  sul« 
phur  is  sixteen  times  heavier  than  an  atom  of  hydrogen. 
Also  carbonic  oxide  is  constituted  of  six  parts  by  weight  of 
carbon^  and  eight  of  oxygen ;  and  as  an  atom  of  oxygen 
has  eight  times  the  weight  of  an  atom  of  hydrogen^  it 
follows  that  an  atom  of  carbon  is  six  times  heavier  than 
one  of  hydrogen.  Since  the  same  definite  proportion  holds 
in  the  composition  of  all  substances  that  have  been  ex- 
amined^ it  may  be  concluded  that  there  are  great  differences 
in  the  weights  of  the  ultimate  particles  of  matter.  M.  Gay 
Lussac  discovered  that  ^gases  unite  together  by  their  bulk 
or^volumes^  in  such  simple  and  definite  proportions  as  one 
to  one^  one  to  two^  one  to  three^  &c.  For  example,  one 
volume  or  measure  of  oxygen  unites  with  two  volumes  or 
measures  of  hydrogen  in  the  formation  of  water. 

Affinity  modified  by  the  electrical  condition  of  the  par- 
ticles of  matter,  has  hitherto  been  believed  to  be  the  cause 
of  chemical  combinations.  However,  Dr.  Faraday  has 
proved  by  experiments  on  bodies  both  in  solution  and 
fusion,  that  chemical  afiinity  is  merely  a  result  of  the 
electrical  state  of  the  particles  of  matter.  Now  it  must 
be  observed  that  the  composition  of  bodies  as  well  as  their 
decomposition,  may  be  accomplished  by  means  of  electri- 
city ;  and  Dr.  Faraday  has  found  that  this  chemical  com- 
position and  decomposition  by  a  given  current  of  electricity, 
is  always  accomplished  according  to  the  laws  of  definite 


128  EFFECTS   OF   COHESION.  SHOT.  XIV. 

proportions;  and  that  the  quantity  of  electricity  requisite 
for  the  decomposition  of  a  substance  is  exactly  the  quantity 
necessary  for  its  composition.  Thus  the  quantity  of  elec- 
tricity which  can  decompose  a  grain  weight  of  water^  is 
exactly  equal  to  the  quantity  of  electricity  which  unites 
the  elements  of  that  grain  of  water  together^  and  is  equi- 
valent to  the  quantity  of  atmospheric  electricity  which  is 
active  in  a  very  powerful  thunder  storm.  These  laws  are 
universal^  and  are  of  that  high  and  general  order  that  cha- 
racterise all  great  discoveries,  and  perfectly  agree  with 
Professor  Mossotti's  theory. 

Dr.  Faraday  has  given  a  singular  instance  of  cohesive 
force  inducing  chemical  combination,  by  the  following  ex- 
periment which  seems  to  be  nearly  allied  to  the  discovery 
made  by  M.  Doebereiner,  in  1823,  of  the  spontaneous 
combustion  of  spongy  platina^  exposed  to  a  stream  of  hy- 
drogen gas  mixed  with  common  air.  A  plate  of  platina 
with  extremely  clean  surfaces,  when  plunged  into  oxygen 
and  hydrogen  gas  mixed  in  the  proportions  which  are 
found  in  the  constitution  of  water,  causes  the  gases  to 
combine  and  water  to  be  formed,  the  platina  to  become 
red-hot  and  at  last  an  explosion  to  take  place ;  the  only 
conditions  necessary  for  this  curious  experiment  being  ex- 
cessive purity  in  the  gases  and  in  the  surface  of  the  plate. 
A  sufficiently  pure  metallic  surface  can  only  be  obtained 
by  immersing  the  platina  in  very  strong  hot  sulphuric 
acid  and  then  washing  it  in  distilled  water,  or  by  making 
it  the  positive  pole  of  a  pile  in  dilute  sulphuric  acid.  It 
appears  that  the  force  of  cohesion  as  well  as  the  force  of 
affinity  exerted  by  particles  of  matter,  extends  to  all  the 
particles  within  a  very  minute  distance.  Hence  the  platina, 
while  drawing  the  particles  of  the  two  gases  towards  its 
surface  by  its  great  cohesive  attraction,  brings  them  so 

'  Note  159. 
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Dear  to  one  another  that  they  come  within  the  sphere  of 
their  mutual  affinity,  and  a  chemical  combination  takes 
place.  Dr.  Faraday  attributes  the  effect  in  part  also  to 
a  diminution  in  the  elasticity  of  the  gaseous  particles  on 
their  sides  adjacent  to  the  platina^  and  to  their  perfect  mix. 
ture  or  association  as  well  as  to  the  positive  action  of  the 
metal  in  condensing  them  against  its  surface  by  its  attrac 
tive  force.  The  particles  when  chemically  united  run 
off  the  surface  of  the  metal  in  the  form  of  water  by  their 
gravitation,  or  pass  away  as  aqueous  vapour  and  make 
way  for  others. 

The  particles  of  matter  are  so  small  that  nothing  is  known 
of  their  form,  further  than  the  dissimilarity  of  their  differ- 
ent sides  in  certain  cases,  which  appears  from  their  reci- 
procal attractions  during  crystallisation  being  more  or  less 
powerful,  according  to  the  sides  they  present  to  one  another. 
Crystallisation  is  an  effect  of  molecular  attraction  regulated 
by  certain  laws,  according  to  which  atoms  of  the  same  kind 
of  matter  unite  in  regular  forms  —  a  fact  easily  proved  by 
dissolving  a  piece  of  alum  in  pure  water.  The  mutual  at- 
traction of  the  particles  is  destroyed  by  the  water ;  but  if  it 
be  evaporated  they  unite  and  form  in  uniting  eight-sided 
figures  called  octahedrons,  i  These  however  are  not  all 
the  same.  Some  have  their  angles  cut  off,  others  their 
edges,  and  some  both,  while  the  remainder  take  the  regular 
form.  It  is  quite  clear  that  the  same  circumstances  which 
cause  the  aggregation  of  a  few  particles  would  if  continued 
cause  the  addition  of  more ;  and  the  process  would  go  on 
as  long  as  any  particles  remain  free  round  the  primitive 
nucleus  which  would  increase  in  size,  but  would  remain 
unchanged  in  form,  the  figure  of  the  particles  being  such, 
as  to  maintain  the  regularity  and  smoothness  of  the  surfaces 
of  the  solid  and  their  mutual  inclinations.     A  broken  crys- 
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tal  will  by  degrees  resurae  its  regular  flgure  when  put 
back  Hgain  into  the  solution  of  alum^  which  ghows  that 
the  isCerDal  and  external  particles  are  similai  and  have  ■ 
similar  attraction  for  the  particles  held  in  solution.  The 
original  conditions  of  aggregation  irhich  make  the  mole- 
cules of  the  same  subetance  unite  in  different  forma  must 
he  very  numerous,  since  of  carbonate  of  lime  alone  there 
are  many  hundred  varieties ;  and  certain  it  ia  from  the 
motion  of  polarised  light  through  rocfc  crystal,  that  a  very 
different  arrangement  of  particles  is  requisite  to  produce  an 
extremely  small  change  in  external  fonn.  A  variety  of 
substances  in  crystallising,  cnmlane  chemically  with  »  cer- 
tain portioB  of  water,  which  in  a  dry  state  forms  an  essen. 
tial  part  of  their  crystals ;  and  according  to  the  experimenU 
of  MM.  Haidinger  and  Mitscherlich  seems  in  some  casei 
to  give  the  peculiar  determination  to  their  conaUtuent  mole- 
cules. These  gentlemen  have  observed  that  the  same 
substance  crystallising  at  dilferent  temperatures  unites  with 
different  quantitieB  of  water  and  anunieB  a  con-eapondi]^ 
variety  of  forms.  Seleniate  of  zinc  for  es;unple  WuIm 
with  three  difierent  portiona  of  water  and  aammes  Akc 
different  forms,  according  as  its  temperature  in  the  act  of 
cryatailiung  ia  hot,  lukewarm,  or  cold.  Snlpbate  of  wda 
also  which  crystallites  at  90°  of  Fahrenheit  withoot  wMer 
of  crystallisation,  combines  with  wMer  at  the  ordinnry  tsm- 
perature  and  takes  adiffbrent  form.  Heat  appears  toksTe 
a  great  influence  en  the  phenomena  of  cryBtalliaation  bH 
only  when  the  pwticlea  of  matter  are  free,  but  even  yAm 
firmly  united,  for  it  dissolves  their  onion  and  givM  Ibcn 
another  determination.  Professor  Mitscherlich  fonnd,  tbt 
prismatic  crystals  of  sidphate  of  nickel '  exposed  to  ■  mm- 
mer's  sun  in  a  close  veaael,  had  thdr  internal  sbrsetBie  M 
completdy  altered  without  any  exterior  change,  &at  iriun 
broken  open  they  were  composed  internally  of  octahedroni 
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with  square  bases.  The  original  aggregation  of  the  internal 
particles  had  been  dissolved^  and  a  disposition  given  to  ar- 
range themselves  in  a  crystalline  form.  Crystals  of  sul- 
phate of  magnesia  and  of  sulphate  of  zinc  gradually  heated 
in  alcohol  till  it  boils  lose  their  transparency  by  degrees^ 
And  when  opened  are  found  to  consist  of  innumerable 
minute  crystals  totally  different  in  form  from  the  whole 
crystals;  and  prismatic  crystals  of  zinc^  are  changed  in 
a  lew  seconds  into  octahedrons  by  the  heat  of  the  sun ; 
other  instances  might  be  given  of  the  influence  of  even  mo- 
derate degrees  of  temperature  on  molecular  attraction  in 
die  interior  of  substances.  It  roust  be  observed  that  these 
«iqierimentsgive  entirely  new  views  with  regard  to  the  con- 
«titiiti«n  of  s<did  bodies.  We  are  led  from  the  mobility 
€f  fluids  to  expect  great  changes  in  the  relative  positions  of 
their  molecules,  which  must  be  in  perpetual  motion  even  in 
the  stiUest  water  or  calmest  air ;  but  we  were  not  prepared 
to  find  motion  to  such  an  extent  in  the  interior  of  solids. 
That  thek  particles  are  brought  nearer  by  cold  and  pressure^ 
mr  removed  farther  from  one  another  by  heat  might  be  ex^ 
peeted ;  but  it  could  not  have  been  anticipated  that  their  re- 
lative positions  could  be  so  entirely  changed  as  to  alter  their 
mode  of  i^;gregation.  It  follows  from  the  low  temperature 
at  which  these  changes  are  effected^  that  there  is  probably 
no  portion  of  inorganic  matter  that  is  not  in  a  state  of  re- 
lative motion. 

Professor  Mitscherlich's  discoveries  with  regard  to  the 
forms  of  crystallised  substances,  as  connected  with  their 
chemical  character,  have  thrown  additional  light  on  the 
constitution  of  material  bodies.  There  is  a  certain  set  of 
crystalline  forms  'which  are  not  susceptible  of  variatioli,  as 
the  die  or  cube^  which  may  be  small  or  large,  but  is  in. 
variably  a  solid  bounded  by  six  square  surfaces  or  planes. 

■>  Nots  lfi2.  2  Note  KiS. 
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Such  also  is  Ihc  tttrahedran '  or  four-sided  solid  coo-- 
taiiled  by  four  equal-sided  triangles.  Several  other  solid* 
lielong  to  this  ekes,  which  is  called  the  TesBular  system  of' 
eryEtallisation.  There  are  oiher  crystals  which  thi 
hounded  by  the  same  number  of  aides,  and  having  thft , 
iatae  form,  are  yet  aiisceptible  of  viirintion  ;  for  inslance, 
tlie  eight-aiiied  figure  witli  s  square  hase  cdlled  an  octa- 
hedron-, which  is  sometimes  flat  and  low  and  somelimes 
acute  and  high.  It  was  formerly  believed  that  idenlily  rf 
J'orm  in  all  crystals  not  belonging  to  the  Tesfular  syGlein 
indicated  identity  of  chemical  composition.  Professor 
I^litscherlich  however  hsE  shown,  that  substances  difTer' 
iiig  to  a  certain  degree  in  chemical  composition  have  tfat- ' 
property  of  assuming  the  same  crystalline  form.  For  eX" 
ample,  the  neutral  phosphate  of  soda  and  the  arseniate  at ' 
soda  crystallise  in  the  very  same  form,  contain  the  same' 
ijuantities  of  acid,  alkali,  and  water  of  crystallisation  ;  yet 
they  differ  ao  far,  that  one  contains  arsenic  and  the  other 
an  equivalent  quantity  of  phosphorus.  Subatances  having 
such  properties  are  said  to  he  isomorphons,  that  is,  equal 
in  form.  Of  these  there  are  many  groups,  each  group 
having  the  same  form  and  similarity  though  not  identity 
of  chemical  composition.  For  instance,  one  of  the  iMm<»> 
phous  groups  is  that  consisting  of  certain  chemical  nib- 
stances  called  the  protoxides  of  iron,  copper,  zinc,  nickd, 
and  manganese,  all  of  which  are  identical  in  form  and 
contain  the  same  quantity  of  oxygen,  but  differ  in  tbe  tc- 
gpecdve  metala  they  contain,  which  are  however  oeailj 
in  the  same  proportion  in  each.  All  these  circumitanoea 
tend  to  prove  that  substances  having  the  same  cryatalline 
form  muEt  condst  of  ultimate  atoms,  having  the  lame 
figure  and  ammged  in  the  very  same  order ;  so  that  At 
form  of  crystals  is  dependent  on  their  atomic  constitatitmi 

■  Kote  let.  •  note  las. 
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All  crystallised  bodies  have  joints  called  cleavages,  at 
which  they  split  more  easily  than  in  other  directions ;  on 
this  property  the  whole  art  of  cutting  diamonds  depends. 
Each  substance  splits  in  a  manner  and  in  forms  peculiar 
to  itself.  For  example  all  the  hundreds  of  forms  of  car- 
bonate of  lime  split  into  six-sided  figures^  called  rhombo- 
hedrons^,  whose  alternate  angles  measure  105*55^  and 
75*05°,  however  far  the  division  may  be  carried;  therefore 
the  ultimate  particle  of  carbonate  of  lime  is  presumed  to  have 
that  form.  However  this  may  be,  it  is  certain  that  all  the 
various  crystals  of  that  mineral  may  be  formed  by  building 
up  six-sided  solids  of  the  form  described,  in  the  same 
manner  as  children  build  houses  with  miniature  bricks. 
It  may  be  ima^ned  that  a  wide  difference  may  exist  be- 
tween the  particles  of  an  unformed  mass,  and  a  crystal  of 
the  same  substance  —  between  the  common  shapeless 
limestone  and  the  pure  and  limpid  crystal  of  Iceland  spar, 
yet  chemical  analysis  detects  none ;  their  ultimate  atoms 
are  identical,  and  crystallisation  shows  that  the  difference 
arises  only  from  the  mode  of  aggregation.  Besides  all 
substances  either  crystallise  naturally,  or  may  be  made  to 
do  80  by  art.  Liquids  crystallise  in  freezing,  vapours  by 
sublimation  ^  ;  and  hard  bodies  when  fused,  crystallise  in 
cooling.  Hence  it  may  be  inferred  that  all  substances 
are  composed  of  atoms,  on  whose  magnitude,  density,  and 
form  their  nature  and  qualities  depend ;  and  as  these  qua- 
lities are  unchangeable,  the  ultimate  particles  of  matter 
must  be  incapable  of  wear  —  the  same  now  as  when 
created. 

The  oscillations  of  the  atmosphere  and  the  changes  in 
its  temperature,  are  measured  by  variations  in  the  heights 
of  the  barometer  and  thermometer.  But  the  actual  length 
of  the  liquid  columns  depends  not  only  upon  the  force  of 

1  Note  166.  2  xote  167. 
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grBvitation,  but  upon  the  cohesive  force,  or  reciprocal 
attraction  belwoeti  tbe  molecules  of  the  liquid  and  those  of 
the  tube  containing  it.  This  peculiar  action  of  the  cohe- 
sive force  is  callfii  capillary  attraction  or  capillarity.  If 
a  glass  tube  of  extremely  line  bore,  eucIi  as  a  small  ther- 
mometer tubCj  be  pluiige<l  into  a  cup  of  water  or  Epirii  at 
winC]  the  liquid  will  immediately  rise  in  the  tube  above 
the  level  of  that  in  the  cup  j  and  the  surface  of  the  littla 
column  thus  sufpended  will  be  a  hollow  hemisphere,  whose 
diameter  is  the  interior  diameter  of  the  tube.  I  f  the  sama 
tube  be  plunged  into  a  cupful  of  mercury  the  liquid  will 
also  rise  in  the  tube,  but  it  will  never  attain  the  level  tf 
that  in  the  cup,  and  its  surface  will  be  a  hemisphere  whou 
diameter  is  also  the  diameter  of  the  tube.'  The  elevatioa 
or  depression  of  the  same  liquid  in  different  tubes  of  tba 
fame  matter,  is  in  the  inverse  ratio  of  their  internal  dia- 
meters-, and  altogether  independent  of  their  thickness; 
whence  it  follows  that  the  molecular  action  is  insenaiUe  Ht 
Sensible  distances  and  that  it  is  only  the  thinseit  pMaiUa 
film  of  the  iateiior  surface  of  the  tube*  dut  czertB  i 
seasible  action  on  the  liquid.  3o  much  indeed  i»  thli 
the  case,  that  when  tubes  of  the  aame  bore  u«  eompletdy 
wetted  with  water  throughout  their  whole  extent,  mvcnty 
will  rise  to  the  same  height  in  all  of  them,  whatwer  be 
their  tbiclcness  or  density,  because  the  minute  coating  tt 
moisture  is  sufficient  to  remove  the  internal  c<datnn  «t 
merettry  beyond  the  sphere  of  attraction  of  the  tttbe,  ud 
to  supply  the  place  of  a  tube  by  its  own  etpitlarj  ■!- 
traction.  The  forces  which  produce  the  capillary  pbtSM' 
meiM  are  the  reciprocal  attraction  of  the  tube  and  die 
liqidd,  and  of  the  liquid  particles  on  one  another  ;  and  in 
order  that  the  capillary  column  may  be  in  eqailibrio,  the 
weight  of  that  part  of  it  which  riaes  above  or  sinka  bdow 
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ihe  lerel  of  the  liquid  in  the  cup  must  balance  these 
forces* 

The  estimatioB  of  the  action  of  the  liquid  is  a  difficult 
port  of  this  proUem.  La  Place^  Dr.  Young,  and  other 
madieniaticians^  have  considered  the  liquid  Tvithin  the  tube 
to  be  of  uniform  density ;  but  M.  Poisson^  in  one  of  those 
masterly  productions  in  which  he  elucidates  the  most 
abstruse  subjects,  has  proved  that  the  phenomena  of  capil-> 
kry  attraction  depend  upon  a  rapid  decrease  in  the  density 
of  the  liquid  column  throughout  an  extremely  small  space 
at  its  surface.  Every  indefinitely  thin  layer  of  a  liquid  is 
oofBpiessed  by  the  liquid  above  it,  and  supported  by  that 
below.  Its  d^ree  of  condensation  depends  upon  the  mag- 
nitude of  the  compressing  force;  and  as  this  force  de- 
ereaaes  rapidly  towards  the  surface  where  it  vanishes^  the 
density  of  the  liquid  decreases  also.  M.  Poisson  has 
shown  tiiat  when  this  force  is  omitted,  the  capillary  sur- 
face becomes  plane,  and  that  the  liquid  in  the  tube  will 
neither  rise  above  nor  sink  below  the  level  of  that  in  the 
cup.  In  estimating  the  forces,  it  is  also  necessary  to  in- 
dude  the  variation  in  tiie  density  of  the  capillary  surface 
round  the  edges  ftom  the  attraction  of  the  tube. 

The  direction  of  the  resulting  force  determines  the 
cunrature  of  the  surface  of  the  capillary  column.  In  order 
that  a  liquid  may  be  in  equilibrio,  the  force  resulting  from 
all  the  forces  acting  upon  it  must  be  perpendicular  to  the 
surface.  Now  it  appears  that  as  glass  is  more  dense  than 
water  or  alcohol,  the  resulting  force  will  be  inclined  to- 
wards the  interior  side  of  the  tube ;  therefore  the  surface 
of  the  liquid  must  be  more  elevated  at  the  sides  of  the 
tube  than  in  the  centre  in  order  to  be  perpendicular  to  it, 
so  that  it  will  be  concave  as  in  the  thermometer.  But,  as 
glass  is  less  dense  than  mercury,  the  resulting  force  will 
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be  inclined  from  the  interior  side  of  the  tube',  io  thai  the 
surface  of  the  capiiiary  column  must  be  more  depresEed  at 
tlie  Bides  of  ihe  tube  thHn  in  the  centre,  in  order  to  be 
perpendicular  to  the  resulting  force,  and  is  consequently- 
convex,  as  may  be  perceived  in  the  mercury  of  the  baro- 
meter when  rising.  The  absorption  of  moisture  by  sponges, 
sugAr,  salt,  &c.,aie  familiar  examples  of  capillary  attractiODi 
Indeed  the  pores  of  sugar  are  so  minute,  that  there  i 
aeems  lo  be  no  limit  W  the  ascent  of  the  liquid.  Wine  it 
drawn  up  in  a  curve  on  the  interior  surface  of  a  glass,' 
tea  rises  above  its  level  on  the  side  of  a  cup  ;  but  if  the 
glass  or  cup  be  too  full,  the  edges  attract  the  liquid  donn.* 
wards  and  give  it  a  rounded  form.  A  column  of  liquid 
will  rise  above  or  sink  below  its  level  between  two  plane 
parallel  surfaces  when  neiir  to  one  another,  according  to 
the  relative  densities  of  the  plates  and  the  liquid- ;  and  i 
the  pheiinmena  will  be  exactly  the  same  as  in  a  t^yjindrical 
tube  whose  diameter  is  double  the  distance  of  the  plates 
from  each  other.  If  the  two  surfaces  be  very  near  to  one 
another,  and  touch  each  other  at  one  of  their  upright  edges, 
the  liquid  will  rise  highest  at  the  edges  that  are  in  contact, 
and  will  gradually  diminish  in  height  as  the  surfaces  b»- 
come  more  separated.  The  whole  outline  of  the  liquid 
column  will  hare  the  form  of  a  hyjierbola.  Indeed  w  uni- 
versol  is  the  action  of  capillarity,  that  solids  and  liquid* 
cannot'touch  one  another  without  producing  a  change  in 
the  form  of  the  surface  of  the  liquid. 

The  attractions  and  repulsions  arising  from  capilluity 
present  many  curious  phenomena.  If  two  plates  of  ^u* 
or  metal,  both  of  which  are  either  dry  or  wet,  be  partly 
immersed  in  a  liquid  parallel  to  one  another,  the  liquid 
will  be  raised  or  depressed  close  to  their  surfaces,  hut  will 
maintain  its  level  through  the  rest  of  the  space  that  se< 
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parates  them.  At  such  a  distance  they  neither  attract  nor 
repel  one  another;  hut  the  instant  they  are  brought  so 
near  as  to  make  the  level  part  of  the  liquid  disappear^  and 
the  two  curved  parts  of  it  meet,  the  two  plates  will  rush 
towards  each  other  and  remain  pressed  together.^  If  one 
of  the  surfaces  he  wet  and  the  other  dry,  they  will  repel 
one  another  when  so  near  as  to  have  a  curved  surface  of 
liquid  between  them;  but  if  forced  to  approach  a  little 
nearer  the  repulsion  will  he  overcome,  and  they  will  at- 
tract each  other  as  if  they  were  both  wet  or  both  dry* 
Two  balls  of  pith  or  wood  floating  in  water,  or  two  balls 
of  -tin  floating  in  mercury,  attract  one  another  as  soon  as 
they  are  so  near  that  the  surface  of  the  liquid  is  curved 
between  them.  Two  ships  in  the  ocean  may  be  brought 
into  collision  by  this  principle.  But  two  balls,  one  of 
which  is  wet  and  the  other  dry,  repel  one  another  as  soon 
as  the  liquid  which  separates  them  is  curved  at  its  surface. 
A  bit  of  tea  leaf  is  attracted  by  the  edge  of  the  cup  if  lyet 
and  repelled  when  dry,  provided  it  be  not  too  far  from 
the  edge  and  the  cup  moderately  full ;  if  too  full,  the 
contrary  takes  place.  It  is  probable  that  the  rise  of  the 
sap  in  vegetables  is  in  some  degree  owing  to  capillarity. 

1  Note  172. 
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cokiiiilrdiri^o  TO  pkAtiev  of  t#x  mo^it  »q«  ^oiHtim^  l^i^ 
.^i^AfltaM-«-CBUiBB  vi3ii)s«u^«-*^oojC9rlat'ciJM«^         1^  >^%^^'Ar^ 

Tg»  iilwpii^ff  ,i>  not  hMttog$eiM!OHii#{  U  0ff§mm^SKm 
^luiljpp  Am^i  WQ  farts  7^ Are  m9^  gmgrmd ^^ppr 
sflfttf  the  mftjilt  MUMi  ^9i  coniifaiulioiit  and  ttdmaL  Im^MiAM 
fkdeptkh^ie  iheTe^.«nelkfeearfom  partis  of  fgrliimi#,|i|iljM 
liK  1000  parts  oi  msmj^heno  air.  Tfaeift  fsnfwdllllw^ 
fmiiid  to  be  the  same  at  all  heighte  hitherto  attiMkl^ 
man.  The  air  is  an  elastic  fluid  resisting  pressure  in 
every  direction^  and  is  subject  to  the  law  of  gravitatioii. 
As  the  space  in  the  top  of  the  tube  of  a  barometar  ia  a 
vacuum^  the  column  of  mercury  suspended  by  the  pressure 
of  the  atmosphere  on  the  surface  of  the  cistern  is  a  mea- 
sure of  its  weight.  Consequently  every  variation  in  the 
density  occasions  a  corresponding  rise  or  fall  in  the  baro- 
metrical column.  The  pressure  of  the  atmosphere  is  about 
fifteen  pounds  on  every  square  inch ;  so  that  the  surface 
of  the  whole  globe  sustains  a  weight  of  11^449^000^000 
hundreds  of  millions  of  pounds.  SheU-fish  which  have 
the  power  of  producing  a  vacuum^  adhere  to  the  rocks  by 
a  pressure  of  fifteen  pounds  upon  every  square  inch  of 
contact. 

Since  the  atmosphere  is  both  elastic  and  heavy,  its 
density  necessarily  diminishes  in  ascending  above  the  sur- 
face of  the  earth  ;  for  each  stratum  of  air  is  compressed 
only  by  the  weight  above  it.     Therefore  the  upper  strata 
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are  less  dense^  because  they  are  less  compressed  than  those 
below  them.  Whence  it  is  easy  to  show^  supposing  the 
temperature  to  be  constant,  that  if  the  heights  above  the 
earth  be  taken  in  increasing  arithmetical  progression — 
that  is^  if  they  increase  by  equal  quantities  as  by  a  foot 
or  a  inile^  the  densities  of  the  strata  of  air^  or  the  heights 
of  the  barometer  which  are  proportionate  to  them,  will 
decrease  in  geometrical  progression.  For  example^  at  the 
level  of  the  sea  if  the  mean  height  of  the  barometer  be 
29'9£2  inches,  at  the  height  of  18,000  feet  it  will  be 
14f*961  inches  or  one  half  as  great ;  at  the  height  of 
SGftOO  feet,  it  will  be  one  fourth  as  great ;  at  54^000  feet, 
it  will  be  one  eighth,  and  so  on,  which  affords  a  method 
CMf  meafming  the  heights  of  mountains  with  considerable 
•ecuracy,  and  would  be  very  simple,  if  the  decrease  in  the 
density  of  the  air  were  exactly  according  to  the  preceding 
law.  But  it  is  modified  by  several  circumstances  and 
chiefly  by  changes  of  temperature,  because  heat  dilates  the 
air  and  cold  contracts  it,  varying  ^-^^  of  the  whole  bulk 
when  at  32®,  for  every  degree  of  Fahrenheit's  thermometer. 
Experience  shows  that  the  heat  of  the  air  decreases  as  the 
height  above  the  surface  of  the  earth  increases.  And  it 
appears  from  recent  investigations,  that  the  mean  temper- 
ature of  space  is  58°  below  the  zero  point  of  Fahrenheit, 
which  would  probably  be  the  temperature  of  the  surface 
of  the  earth  also  were  it  not  for  the  non-conducting 
power  of  the  air,  whence  it  is  enabled  to  retain  the  heat 
of  the  sun's  rays  which  the  earth  imbibes  and  radiates  in 
all  directions.  The  decrease  in  heat  is  very  irregular ; 
each  authority  gives  a  different  estimate ;  probably  because 
the  decrease  varies  with  the  latitude  as  well  as  the  height, 
and  something  is  due  also  to  local  circumstances.  But 
from  the  mean  of  five  different  statements,  it  seems  to  be 
about  one  degree  for  every  334  feet,  which  is  the  cause 
of  the  severe  cold  and  eternal  snows  on  the  summits  of 
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Ihe  Alpine  chaiiiB,  01"  the  various  methods  of  computing 
heights  from  barometrical  meaiurementt,  that  of  Mr. 
Ivory  has  the  advantage  of  combining  accuracy  ivith  the 
greatest  Bimplicily.  Indeed  the  accuracy  with  which  the 
heights  of  ranuntains  cau  be  obtained  bj  this  method  is 
TOry  ranarkftUi.  -C^it. 'SmjrA,  iLH.  andair^^^Ali 
BerKhel  meatnied  the  beig^t  «f-'EtiM  by  du'lMHMHfe 
vilhont  nay  commimicmtioti  and  is  difitecnt  yeanjiOqrt^ 
SiDyib  mad«  it  10,874  feet,  and  8li  John  Hmdid  U^Sfgt 
the  ^fticnee  being  only  one  tMt,  In  eoD8eqae«c»«i'1ht 
dinriiddwd  framiK  of  the  atnuMphere,  waMr  boOi'Mta 
lower  temtwntuie  oa  the  roonnhrfii  tope  tiiaii  tn  riia  fB^ 
whilst  iDdnsed  FalK«ib«t  to  prapow  AbHiolle  of  •!■■>«■! 
adon  as  a  nicttod  nt  ascertainiiig  dwv '  iHigfatBit^fSM 
althon^  an  initravent  -vras  conatnicted  to  OMtfimflHt 
by  Archdeacon  WoUastoa  it  does  not  appear  10  haiipftMi 
tnnch  employed. 

The  atmosphere  when  in  equilibrio  is  an  ellipsoid  flat' 
tened  at  the  poles  from  its  rotation  with  the  earth.  In 
that  state  its  strata  are  of  uniform  density  at  equal  heights 
above  die  level  of  the  sea,  and  it  is  sensibly  of  6nite  ex< 
tetit  whether  it  consists  of  particles  infinitiily  dinsible  or 
not.  On  the  latter  hypothesis  it  must  really  be  finite, 
and  even  if  ila  particles  be  infinitely  divisible  it  is  known 
by  experience  to  be  of  extreme  tenuity  at  very  smaU 
heights.  The  barometer  rises  in  propurtton  to  the  super- 
incumbent pressure.  At  the  level  of  the  sea  in  the  lad- 
tude  of  45°  and  at  the  temperature  of  melting  ice,  the 
mean  height  of,the  barometer  being  3d'932  inches,  the 
den^ty  of  air  is  to  the  density  of  a  similar  volume  of  mer- 
cury as  1  to  10477'P-  Consequently  the  height  of  the 
atmosphere  supposed  to  be  of  uniform  density  would  be 
about  4'95  miles.  But  aa  the  density  decreases  upwards 
in  geometrical  pT«^[reseion  it  is  considerably  higho',  pro- 
bably about  fifty  milea ;  at  that  he^t  it  must  be  of  eX'' 
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treme  tenuity^  for  the  decrease  in  density  is  so  rapid  that 
three  fourths  of  all  the  air  contained  in  the  atmosphere  is 
within  four  miles  of  the  earth  ;  and^  as  its  superficial  ex- 
tent is  200  millions  of  square  miles^  its  relative  thickness 
is  less  than  that  of  a  sheet  of  paper  when  compared  with 
its  breadth.  The  air  even  on  mountain  tops  is  suffi- 
ciently rare  to  diminish  the  intensity  of  sounds  to  affect 
respiration^  and  to  occasion  a  loss  of  muscular  strength. 
The  blood  burst  from  the  lips  and  ears  of  M.  de. Hum- 
boldt as  he  ascended  the  Andes ;  and  he  experienced  the 
same  difficulty  in  kindling  and  maintaining  a  fire  at  great 
heights  which  Marco  Polo  the  Venetian  felt  on  the  moun- 
tains of  Central  Asia.  M.  Gay-Lussac  and  M.  Biot  as- 
cended in  a  balloon  to  the  height  of  4*36  miles^  which  is 
the  greatest  elevation  that  man  has  attained^  and  they  suf- 
fered greatly  from  the  rarity  of  the  air. '^^ It  is  true  that  at 
the  height  of  thirty-seven  miles,  the  atmosphere  is  still 
dense  enough  to  reflect  the  rays  of  the  sun  when  18° 
below  the  horizon ;  but  the  tails  of  comets  show  that  ex- 
tremely attenuated  matter  is  capable  of  reflecting  light. 
And  although^  at  the  height  of  fifty  miles^  the  bursting  of 
the  meteor  of  1783  was  heard  on  earth  like  the  report,  of 
a  cannon,  it  only  proves  the  immensity  of  the  explosion  of 
a  mass  half  a  mile  in  diameter^  which  could  produce  a 
sound  capable  of  penetrating  air  three  thousand  times 
more  rare  than  that  we  breathe.  But  even  these  heights 
are  extremely  small  when  compared  with  the  radius  of  the 
earth. 

The  expansion  of  the  atmosphere  from  the  heat  of  the 
sun  occasions  diurnal  variations  in  the  height  of  the  baro- 
meter. There  are  nocturnal  oscillations  also  as  regular  as 
those  of  the  day,  though  not  to  the  same  extent. 

The  sun  and  moon  disturb  the  equilibrium  of  the  at- 
mosphere by  their  attraction,  producing  oscillations  similar 
to  those  in  the  ocean^  which  ought  to  occasion  periodic 
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rviaEigag  io  the  heights  of  the  barometer.  These,  how- 
ever, are  so  esueniely  small,  that  their  eKiBlCDce  in  latitudes 
far  remored  from  the  equator  is  doubtful.  M.  Aiago  hu 
lately  been  even  ltd  to  conelnde  that  the  birometrical 
variations  corresponding  to  the  phases  of  the  moon  are  the 
effects  of  Bonie  Bpedal  cause  totally  diSbreot  from  attrac- 
tion, of  which  the  nature  and  mode  of  action  ore  unkiiovn. 
La  Place  seems  to  think  tliat  the  flux  and  reflux  distin- 
guishable at  Paris  may  be  occawoned  by  the  rise  and  fall 
of  the  ocean,  which  fornii  a  variable  base  to  so  great  • 
portion  of  the  atmosphere.  M.  Dauasj  has  ascertained  that 
the  height  of  high  water  at  Brest  varies  inversely  as  the 
rise  or  fall  of  the  barometer,  but  it  remains  to  be  shown 
whether  the  re-action  of  the  ocean  has  any  sensible  efffeet 
on  the  atmosphere. 

The  attraction  of  the  sun  and  moon  has  no  perceptible 
influence  on  the  trade  winds.  The  heat  of  the  sun  occasiom 
these  aerial  currents  by  rarefying  the  air  at  die  equator, 
which  causes  the  coder  and  more  dense  part  of  the  atmo. 
sphere  lo  rush  along  the  surface  of  the  earth  to  the  eqiMtar, 
while  that  which  is  heated  is  carried  along  the  fa%^ 
stntta  to  the  poles,  fonning  two  counter  currents  io  tbe 
direction  of  the  meridian.  But  the  rotatory  velocity  at  the 
air  corresponding  to  its  geographical  position  decnaM) 
towards  the  poles.  In  approaching  the  equator  it  MHt 
therefore  revolve  more  slowly  tlian  the  corresponding  psrts 
of  the  earth,  and  the  bodies  on  the  lurface  of  the  eartb 
must  strike  against  it  with  the  excess  of  their  velocity, 
and  by  its  re-action,  they  will  meet  with  a  reustkoce  con- 
trary to  their  motion  of  rotation.  So  that  llie  wind  will 
appear  to  i  person  supposing  himself  to  be  at  rest,  to  tiom 
in  a  direction  nearly  though  not  altogether  contrary  to  Ae 
earth's  rotation  ;  because  these  currents  will  still  retain  a 
part  of  their  northerly  and  southerly  impetus,  which,  com- 
bining  with  their  defleieney  of  rotatory  velocity,  will  make 
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them  appear  to  blow  from  the  north-east  on  one  side  of 
itke  equator  and  from  the  south-east  on  the  other^  which 
is  the  general  direction  of  the  trade  winds.  But  they  are 
nddified  both  in  intensity  and  direction  by  the  se&sons^ 
by  the  neighbourhood  of  continents,  and  by  the  nature  of 
&e  soil,  so  that  the  phenomena  are  not  the  same  in  both 
hemispheres.  These  winds,  however,  are  not  felt  at  all  under 
the  line,  because  the  easterly  tendency  of  the  two  great 
polar  currents  is  gradually  diminished  as  they  approach 
the  equator  by  the  friction  of  the  earth,  which  slowly  im- 
parts a  portion  of  its  rotatory  velocity  to  them  as  they  pass 
along,  and  when  they  meet  in  the  equator  they  destroy  one 
another's  impetus.  The  equator  does  not  exactly  coincide 
with  the  line  which  separates  the  trade  winds  north  and 
south  of  it.  That  line  of  separation  depends  upon  the  total 
difierence  of  heat  in  the  two  hemispheres,  arising  from  the 
distribution  of  land  and  water,  and  other  causes. 

The  polar  currents  from  defect  of  rotatory  velocity  tend, 
by  their  friction  near  the  equator,  to  diminish  the  velocity 
of  the  earth^s  rotation ;  while,  on  the  contrary,  the  equa- 
torial or  upper  currents  carry  their  excess  of  rotatory 
velocity  north  and  south.  And  as  they  occasionally  come 
to  the  surface  in  their  passage  to  the  poles,  they  act  on  tlie 
earth  by  their  friction  as  a  strong  south-west  wind  in  the 
northern  hemisphere,  and  as  a  north-west  wind  in  the 
southern.  In  this  manner  the  equilibrinm  of  rotation  is 
maintained.  Sir  John  Herschel  ascribes  to  this  cause  the 
western  and  south-western  gales  so  prevalent  in  our  lati- 
tudes, and  also  the  west  winds  which  are  so  constant  in 
the  North  Atlantic. 

There  are  many  proofs  of  the  existence  of  the  counter 
currents  above  the  trade  winds.  On  the  Peak  of  Tene- 
riffe  the  prevailing  winds  are  from  the  west.  The  ashes 
of  the  volcano  of  St.  Vincent's,  in  the  year  1812,  were 
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carried  W  windward  as  far  as  the  iaknd  of  Barbadoes  by 
the  upper  current.      The  captaiu  of  a  Bristol  ship  declared    i 
that  on  that  occaiaoa  dust  fiom  St.  Vincent's  fell  to  the 
depth  of  fire  inclies  on   the  ileck  at  (he  distance  of  £00 
miles  to  the  eastward.      Light  clouds  hare  frequently  been 
seen  moving  rapidlj   from  west  to  east  at  a  i-ery  great    I 
height  above  the  trade  winds,  which  were  sweeping  along    ' 
the  surface  of  the  ocean  in  a  contrary  direction.     Rains,    i 
cload*t.'  «itd  neuly  dU  the  other  «Uno6ptaerie  ^gbeaomaiA 
occtu  below  the  height  of  1 6,000  £wt,  and  generally  omA 
neuo:  to  the  nirfkce  of  the  ewth.     They  ue  owiig  t» 
cuirmti  «f  uf  niDning  upon  each  othw  in  boriaontal 
atraUr  snd  difoing  in  their  dectric  itate,  in  UmpvMm 
and  moiifun,  w  well  sa  in  veloci^  and  direction. 

HurrictBei,  tentadoS]  waterspouts,  and  nmihtr  pbew> 
mena,  are  oecaiioned  by  currents  of  wind  nuhing  *itk 
great  velocity  in  circnits  of  grraler  or  less  extent.  In  At 
West  Indian  hurricanes  the  great  masa  of  air  which  forms 
the  storm  whirls  in  a  horizontal  circuit  round  a  vertical  or 
sUghtly  inchoed  axis  of  rotation,  which  moves  forward 
with  the  whole  body  of  the  storm  at  a  rapid  rale,  travelling 
often  500  miles  in  a  day.  It  was  noted  in  the  hurricane 
at  Barlmdoes,  in  the  year  1831,  Chat  the  trees  neac  the 
southern  coast  of  the  island,  which  were  rooted  up  by  the 
violence  of  the  wind  in  the  earlier  part  of  the  storm,  lay 
from  north-north-west  to  south -south-east,  while  in  other 
parts  of  the  island  they  lay  in  a  contrary  direction,  having 
been  proatraled  in  the  latter  part  of  the  gale  which  blew 
the  opposite  way. 

Waterspouts  are  occasioned  by  small  whirlwinds,  which 
always  have  their  origin  at  a  great  distance  from  that  part 
of  the  sea  from  which  the  spout  begiiia  to  rise  where 
it  is  generally  c«lm.  The  whirl  of  the  air  begins  in  the 
clouds,  and  extending  downward  to  the  sea,  causes  the 
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to  ascend  in  a  spiral  by  the  impulse  of  the  centri- 
force.  When  waterspouts  have  a  progressive  motion^ 
ortex  of  air  in  the  cloud  above  must  move  with  the 
velocity,  otherwise  the  spouts  break,  which  frequently 
3ns. 
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Otm  of  the  moet  impcnrtant  naes  of  the  fttmosphne  !■  Ae 
coiiTeyanee  of  soand.  Without  the  air  drathMlw  alntt 
would  prevail  through  nature,  for  in  oommoa  with  al 
suhatsnces  it  haa  a  tendency  to  impart  yibntioiia  to  bodki 
in  contact  with  it  Therefore  undulationa  leoeified  hf  Ae 
air,  whether  it  he  from  a  sudden  impulse  such  aa  m 
explosion  or  the  yibrations  of  a  musical  chords  are  pn^ 
gated  in  every  direction,  and  produce  the  sensation  of 
sound  upon  the  auditory  nerves.  A  bell  rung  under  the 
exhausted  receiver  of  an  airpump  is  inaudiUe,  which 
shows  that  the  atmosphere  is  really  the  medium  of  soimd. 
In  the  small  imdulations  of  deep  water  in  a  calm,  the 
vibrations  of  the  liquid  particles  are  made  in  the  vertical 
plane,  that  is  up  and  down,  or  at  right  angles  to  the 
direction  of  the  transmission  of  the  waves.  But  the  vibn« 
tions  of  the  particles  of  air  which  produce  sound  differ  from 
these,  being  performed  in  the  same  direction  in  whidi  the 
waves  of  sound  travel.  The  propagation  of  sound  may  be 
illustrated  by  a  field  of  corn  agitated  by  the  wind.  How- 
ever irregular  the  motion  of  the  com  may  seem  on  a 
superficial  view,  it  will  be  found  if  the  intensity  of  the 
wind  be  constant,  that  the  waves  are  all  precisely  similtr 
and  equal,  and  that  all  are  separated  by  equal  intervals  and 
move  in  equal  times. 
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A  sudden  blast  depresses  each  ear  equally  and  succes- 
Wely  in  the  direction  of  the  wind^  but  in  consequence  of 
be  elasticity  of  the  stalks  and  the  force  of  the  impulse^ 
adi  ear  not  only  rises  again  as  soon  as  the  pressure  is 
emoved^  but  bends  back  nearly  as  much  in  the  contrary 
lrection>  and  then  continues  to  oscillate  backwards  and 
orwards  in  equal  times,  like  a  pendulum  to  a  less  and 
688  extent,  till  the  resistance  of  the  air  puts  a  stop  to  the 
notion*     These  yibrations  are  the  same  for  every  indi- 
ddual  ear  of  corn.     Yet  as  their  oscillations  do  not  all 
wmmenee  at  the  same  time,  but  successively,  the  ears  will 
tMtve  a  variety  of  positions  at  any  one  instant.    Some  of  the 
idvaneing  ears  will  meet  others  in  their  returning  vibra- 
ioDs,  and  as  the  times  of  oscillation  are  equal  for  all,  they 
Mrill  be  crowded  together  at  regular  intervals,     Betweeii 
liiese  there  will  occur  equal  spaces,  where  the  ears  will  be 
few,  in  consequence  of  being  bent  in  opposite  directions  ; 
ind  at  other  equal  intervals  they  will  be  in  their  natural 
npiright  positions.     So  that  over  the  whole  field  there  will 
be  a  r^nlar  series  of  condensations  and  rarefactions  among 
the  ears  of  com,  separated  by  equal  intervals  where  they 
will  be  in  their  natural  state  of  density.     In  consequence 
of  these  changes  the  field  will  be  marked  by  an  alternation 
of  bright  and  dark  bands.      Thus  the  successive  waves 
which  fly  over  the  corn  with  the  speed  of  the  wind,  are  to- 
tally distinct  from,  and  entirely  independent  of  the  extent 
of  the  oscillations  of  each  individual  ear,  though  both  take 
place  in  the  same  direction.     The  length  of  a  wave  is 
equal  to  the  space  between  two  ears  precisely  in  the  same 
itate  of  motion,  or  which  are  moving  similarly,  and  the 
time  of  the  vibration  of  each  ear  is  equal  to  that  which 
elapses  between  the  arrival  of  two  successive  waves  at  the 
same  point.     The  only  difference  between  the  undulations 
of  a  coni'field  and  those  of  the  air  which  produce  sound  is, 
that  each  ear  of  corn  is  set  in  motion  by  an  external  cause 
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and  £■  tmiiifliieiioed  by  die  motkni  of  tiie  rest ;  iHimti 
in  air,  whidi  is  a  omnpreMiUe  and  elastic  find,  when  om 
particle  begins  to  osdHate,  it  communicates  its  vifafaliiNiS 
to  the  sanottnding  pardcks,  wMdi  trsnamit  diem  to  thoss 
adjacent,  and  so  on  conttnnaUj.  Hence  from  As' 
iive  Tibrations  of  the  partides  of  air,  the  sane 
condensations  and  rarefactions  take  place  aa  in  the  Mi  if 
com,  producing  wares  tliroof^ioat  the  whole  mast  of  air, 
though  each  molecule  like  each  IndiFidual  -mt  oi  cm^ 
nerer  moves  far  from  its  stats  of  rest.  Hie  crnaU 
of  a  liquid  and  the  undulationa  of  the  air  like 
in  the  com,  aie  evidently  not  real  masses  moviag  in  thi 
direction  in  which  they  are  advancingy  but  merrij  cndtaMb 
motions,  or  forms  rushing  along,  and  comprehenrfii^  si 
the  particles  of  an  undulating  fluid  which  are  at  ooee  iM 
vibratory  state.  It  is  thus  that  an  impulse  given  to  ai^ 
one  point  of  the  atmosphere  is  successively  propagated  le 
all  directions,  in  waves  diverging  as  from  the  centre  of  s 
sphere  to  greater  and  greater  distances  but  with  de- 
creasing  intensity,  in  consequence  of  the  increasing  number 
of  particles  of  inert  matter  which  the  force  has  to  move ; 
like  the  waves  formed  in  still  water  by  a  falling  stone  whicb 
are  propagated  circularly  all  around  the  centre  of  disturb- 
ance. ^  These  successive  spherical  waves  are  only  tbe 
repercussions  of  the  condensations  and  motions  of  the  fint 
particles  to  which  the  impulse  was  given. 

The  intensity  of  sound  depends  upon  the  violence  snd 
extent  of  the  initial  vibrations  of  air ;  but  whatever  they 
may  be,  each  undulation  when  once  formed  can  only  be 
transmitted  straight  forwards,  and  never  returns  back 
again  unless  when  reflected  by  an  opposing  obstacle.  The 
vibrations  of  the  aerial  molecules  are  always  extremely 
small,  whereas  the  waves  of  sound  vary  from  a  few  incfaei 
to  several  feet.  The  various  musical  instraments,  the  ho* 
man  voice  and  that  of  animals,  the  singing  of  birds,  tbe 
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hum  of  insects^  the  roar  of  the  cataract^  the  whistling  of 
the  wind  and  the  other  nameless  peculiarities  of  sounds  at 
cmce  show  an  infinite  variety  in  the  modes  of  aerial  vihra- 
tion^  and  the  astonishing  acuteness  and  delicacy  of  the  ear 
thus  capable  of  appreciating  the  minutest  differences  in  the 
laws  of  molecular  oscillation. . 

All  mere  noises  are  occasioned  by  irregular  impulses 
communicated  to  the  ear,  and  if  they  be  short,  sudden, 
and  repeated  beyond  a  certain  degree  of  quickness,  the  ear 
loees  the  intervals  of  silence  and  the  sound  appears  con- 
tinuous. Still  such  sounds  will  be  mere  noise :  in  order  to 
produce  a  musical  sound,  the  impulses  and  consequently 
the  undulations  of  the  air  must  be  all  exactly  similar  in 
dnration  and  intensity,  and  must  recur  after  exactly  equal 
intervals  of  time.  If  a  blow  be  given  to  the  nearest  of  a 
aeriea  of  broad,  flat,  and  equidistant  palisades  set  edgewise 
in  a  line  direct  from  the  ear,  each  palisade  will  repeat  or 
echo  the  sound ;  and  these  echos  returning  to  the  ear  at 
successive  equal  intervals  of  time  will  produce  a  musical 
note.  The  quality  of  a  musical  note  depends  upon  the 
abruptness,  and  its  intensity  upon  the  violence  and  extent 
of  the  original  impulse.  In  the  theory  of  harmony  the 
only  property  of  sound  taken  into  consideration  is  the  pitch, 
which  varies  with  the  rapidity  of  the  vibrations.  The 
grave  or  low  tones  are  produced  by  very  slow  vibrations 
which  increase  in  frequency  as  the  note  becomes  more 
acute.  Very  deep  tones  are  not  heard  by  all  alike,  and 
Dr.  Wollaston,  who  made  a  variety  of  experiments  on  the 
saise  of  hearing,  found  that  many  people  though  not  at 
all  deaf  are  quite  insensible  to  the  cry  of  the  bat  or  the 
cricket,  while  to  others  it  is  painfully  shrill.  From  this 
he  concluded  that  human  hearing  is  limited  to  about  nine 
octaves,  extending  from  the  lowest  note  of  the  organ  to  the 
highest  known  cry  of  insects ;  and  he  observes  with  his 
nsual  originality  that,  '^  as  there  is  nothing  in  the  nature 

h  3 


150  EXTENT   OF    HEARING.  8ECT.  XYfi 

of  the  atmosphere  to  prevent  the  existence  of  vilNratidntf 
incomparahly  more  frequent  than  any  of  which  we  are 
conscious^  we  may  imagine  that  animals  like  the  Grylli^ 
whose  powers  appear  to  commence  nearly  where  ours  ter* 
minate^  may  have  the  faculty  of  hearing  still  sharper 
sounds  which  we  do  not  know  to  exists  and  that  there 
may  he  other  insects  hearing  nothing  in  common  with  us, 
hut  endowed  with  a  power  of  exciting,  and  a  sense  which 
perceives  vihrations  of  the  same  nature  indeed^  as  those 
which  constitute  our  ordinary  sounds^  hut  so  remote  that 
the  animals  who  p^ceive  them  may  he  said  to  pessev 
another  sense^  agreeing  with  our  own  solely  in  the  medium 
hy  which  it  is  excited.** 

M.  Savart^  so  well  known  for  the  numher  and  beauty  of 
his  researches  in  acoustics^  has  proved  that  a  high  note  of 
a  given  intensity  being  heard  by  some  ears  and  not  hf 
others^  must  not  be  attributed  to  its  pitch  but  to  its  feeble- 
ness. His  experiments  and  those  more  recently  made  by 
Professor  Wheatstone  show,  that  if  the  pulses  could  be 
rendered  sufficiently  powerful,  it  would  be  difficult  to  fix  a 
limit  to  human  hearing  at  either  end  of  the  scale.  M. 
Savart  had  a  wheel  made  about  nine  inches  in  diameter 
with  360  teeth  set  at  equal  distances  round  its  rim,  so  that 
while  in  motion  each  tooth  successively  hit  on  a  piece  of 
card.  The  tone  increased  in  pitch  with  the  ra{»dity  of  the 
rotation,  and  was  very  pure  when  the  number  of  strokes 
did  not  exceed  three  or  four  thousand  in  a  second,  but  be- 
yond that  it  became  feeble  and  indistinct.  With  a  wheel 
of  a  larger  size  a  much  higher  tone  could  be  obtained,  be- 
cause the  teeth  being  wider  apart  the  blows  were  more 
intense  and  more  separated  from  one  another.  With 
720  teeth  on  a  wheel  thirty-two  inches  in  diameter,  the 
sound  produced  by  12,000  strokes  in  a  second  was  audiUe, 
which  corresponds  to  24,000  vibrations  of  a  musical  chord. 
So  that  the  human  ear  can  appreciate  a  sound  which  onlj 
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lasts  the  24^000th  part  of  a  second.  This  note  was  dis- 
tinctly heard  by  M.  Savart  and  by  several  people  who  were 
present^  which  convinced  him  that  with  another  apparatus^ 
still  more  acute  sounds  might  be  rendered  audible. 

For  the  deep  tones  M.  Savart  employed  a  bar  of  iron^ 
twa  feet  eight  inches  long,  about  two  inches  broad^  and 
half  an  inch  in  thickness,  which  revolved  about  its  centre 
as  if  its  arms  were  the  spokes  of  a  wheeL  When  such  a 
machine  rotates  it  impresses  a  motion  on  the  air  similar 
to  its  own,  and  when  a  thin  board  or  card  is  brought  close 
to  its  extremities,  the  current  of  air  is  momentarily  inter- 
rupted at  the  instant  each  arm  of  the  bar  passes  before  the 
card,  it  is  compressed  above  the  card  and  dilated  below ; 
but  the  instant  the  spoke  has  passed  a  rush  of  air  to  restore 
equilibrium  makes  a  kind  of  explosion,  and  when  these 
■uoceed  each  other  rapidly,  a  musical  note  is  produced  of 
»  pitch  proportional  to  the  velocity  of  the  revolution. 
When  M.  Savart  turned  this  bar  slowly  a  succession  of 
■ing^  beats  was  heard ;  as  the  velocity  became  greater  the 
Bomid  was  only  a  rattle ;  but  as  soon  as  it  was  sufficient  to 
give  eight  beats  in  a  second,  a  very  deep  musical  note  was 
distinctly  audible  corresponding  to  sixteen  single  vibrations 
in  »  second,  which  is  the  lowest  that  has  hitherto  been 
produced.  When  the  velocity  of  the  bar  was  much  in- 
creased the  intensity  of  the  sound  was  hardly  bearable. 
The  spokes  of  a  revolving  wheel  produce  the  sensation  of 
sound,  on  the  very  same  principle  that  a  burning  stick 
whirled  roimd  gives  the  impression  of  a  luminous  circle. 
The  vibrations  excited  in  the  organ  of  hearing  by  one  beat 
have  not  ceased  before  another  impulse  is  given.  Indeed 
it  is  indispensaUe  that  the  impressions  made  upon  the 
auditory  nerves  should  encroach  upon  each  other  in  order 
to  produce  a  full  and  continued  note.  On  the  whole,  M. 
Savart  has  come  to  the  conclusion,  that  the  most  acute 
aoands  would  be  heard  with  as  much  ease  as  those  of  a 
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k)fwnr  pitcby  if  tfatt  duntnii  of  ihe  ■•naitki  prodneed  by 
eadb  pake  ^onld  be  dtmiBJahcd  propMteiaUy  to  dM  mj^ 
mentiliiiii  of  the  munlMr  of  polsei  in  a  given  ^bmit;md 
on  the  Gontnory,  if  the  dontion  of  the  te&wtion  prodnwd 
by  eadi  poke  conld  be  inereaaed  in  pH^oitioa  to  tbor 
nmnber  in  a  given  time,  that  the  deepeat  tones  mwid  b» 
ai  andible  as  any  of  the.olhen. 

l*he  velocity  of  sound  is  unifonn  and  indepeodent  of 
the  nature  extent,  and  intennty  of  the  primitive  diatmEbame. 
CoDsequently  aounda  of  every  quality  and  pitdi  travel  iriA 
eqoal  speed.  The  amaUest  difoence  in  their  vcioeity  is 
inocmipatible  either  with  harmony  or  mdody,  for  nata  af 
difibrtAt  pitcbea  and  intensitiea  aounded  together  at  a  Uttla 
diataaneey  would  arive  at  the  ear  in  difoent  timeik  A 
rapid  sncoession  of  notea  would  in  this  ease  pnodnea  ca»* 
fttaion  and  discord.  Bat  as  the  rapidity  with  vridflb 
sound  is  transmitted  depends  upon  the  elasticity  of  Iba 
medium  through  which  it  has  to  pass^  whatever  tends  to 
increase  the  elasticity  of  the  air  must  also  accelerate  the 
motion  of  sound.  On  that  account  its  velccit]^  is  greater 
in  warm  than  in  cold  weather^  supposing  the  pressure  of 
the  atmosphere  constant.  In  dry  air  at  the  freezing  tem« 
perature,  sound  travels  at  the  rate  of  I090  feet  in  a  secondly 
and  for  any  higher  temperature  one  foot  must  be  added 
for  every  degree  of  the  thermometer  above  32° ;  hence  at 
62^  of  Fahrenheit  its  speed  in  a  second  is  1120  feet,  or 
765  miles  an  hour,  which  is  about  three  fourths  of  the 
diurnal  velocity  of  the  earth's  equator.  Since  all  the  pheno- 
mena of  the  transmission  of  sound  are  simple  consequences 
of  the  physical  properties  of  the  air,  they  have  been  pre- 
dicted and  computed  rigorously  by  the  laws  of  mechanics. 
It  was  found,  however,  that  the  velocity  of  sound  deter- 
mined by  observation^  exceeded  what  it  ought  to  have  been 
theoretically  by  173  feet,  or  about  one  sixth  of  the  whole 
amount.     La  Place  suggested  that  this  discrepancy  might 
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arise  from  the  increased  elasticity  of  the  air  in  consequence 
of  a  developement  of  latent  heat  ^  during  the  undulations  of 
soond^  and  calculation  confirmed  the  accuracy  of  his 
views.  The  aerial  molecules  heing  suddenly  compressed 
give  out  iheir  latent  heat ;  and  as  air  is  too  had  a  con- 
duetor  to  carry  it  rapidly  ofT^  it  occasions  a  momentary 
and  local  rise  of  temperature  which  increasing  the  conse- 
eative  expansion  of  the  air^  causes  a  still  greater  develope- 
ment  of  heat ;  and  as  it  exceeds  that  which  is  ahsorhed  in 
ihf.  next  rarefaction  the  air  hecomes  yet  warmer^  which 
flavours  the  transmission  of  sound.  Analysis  gives  the  true 
Vdoeity  of  sound  in  terms  of  the  elevation  of  temperature 
^  that  a  mass  of  air  is  capahle  of  comnmnicating  to  itself,  hy 
the  disengagement  of  its  own  latent  heat  when  suddenly 
eompressed  in  a  given  ratio.  This  change  of  temperature 
however  cannot  he  ohtained  directly  by  experiment ;  but 
fay  inverting  the  problem  and  assuming  the  velocity  of 
sound  as  given  by  experiment^  it  was  computed  that  the 
temperature  of  a  mass  of  air  is  raised  nine  tenths  of  a  de- 
gree when  the  compression  is  equal  to  -^^^  of  its  volume. 

Probably  all  liquids  are  elastic  though  considerable  force 
18  required  to  compress  them.  Water  suffers  a  condensation 
of  nearly  0'0000496  for  every  atmosphere  of  pressure^ 
and  is  consequently  capable  of  conveying  sound  even  more 
rapidly  than  air,  the  velocity  in  the  former  being  4708 
feet  in  a  second.  A  person  under  water  hears  sounds  made 
in  air  feebly  but  those  produced  in  water  very  distinctly. 
According  to  the  experiments  of  M.  Colladon  the  sound 
of  a  bell  was  conveyed  under  water  through  the  Lake  of 
Geneva  to  the  distance  of  about  nine  miles.  He  also  per- 
ceived that  the  progress  of  sound  through  water  is  greatly 
impeded  by  the  interposition  of  any  object  such  as  a  pro- 
jecting wall ;  consequently  sound  under  water  resembles 
light  in  having  a  distinct  shadow.     It  has  much  less  in 
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air,  being  tr&Dsniilted  all  round  builJiii);s  or  other  obBtadei, 
so  as  to  he  heard  In  every  direction,  though  often  with  a 
considerable  diminution  of  inteuEity  as  nhen  a  carrii^ 
turns  the  corner  of  a  street. 

The  Telocity  of  sound  iji  passing  through  Bolids  is  in 
propcrtion  to  their  hardness  and  is  much  greater  ihsD  ia 
air  or  water.  A  sound  which  takes  some  time  in  travelling 
through  the  air  passes  almost  inslanianeouEiy  along  a  wire 
six  hundred  feet  long  ;  consequently  it  is  heard  twice  — 
first  as  communicated  by  the  wire  and  afterwards  througb 
the  medium  of  the  air.  The  faciBty  with  which  the  vibn* 
tions  of  sound  are  transmitted  along  the  grain  of  a  li^  tl 
wood  is  well  Itnown.  Indeed  they  pass  through  iron, 
glass,  and  some  kinds  of  wood,  at  the  rate  of  18,.530  fe«t 
in  a  second.  The  velocity  of  sound  is  obstructed  by  > 
variety  of  circumstances,  sucli  as  falling  Hiow,  fog,  rain, 
or  any  other  cause  which  disturbs  the  homogeneity  of  cbe 
medium  through  which  it  has  to  pass.  M.  de  Humboldt 
says  that  it  is  on  account  of  the  greater  homogmd^  of 
the  atmosphere  during  the  night  that  sounds  are  tben  better 
heard  than  during  the  day,  when  its  density  is  perpetoilly 
changing  from  partial  variations  of  temperature.  HU  It- 
tention  was  called  to  this  subject  on  the  plain  BurrooDding 
the  Mission  of  the  Apures  by  the  rushing  noise  of  dM 
great  cataracts  of  the  Oronoco,  which  seemed  to  be  tlUN 
times  as  loud  by  night  as  by  day.  This  he  iUnatnled  kf 
experiment.  A  tall  glass  half  full  of  champagne  cannot 
be  made  to  ring  as  long  as  the  efibrrescence  laEts.  In  ardet 
to  produce  a  musical  note  the  glaas  tt^ther  wiA  the 
liquid  it  contains  must  vibrate  in  tmison  as  ■  ayatea, 
which  it  cannot  da  in  consequence  of  the  fixed  air  lisiiic 
through  the  wine  and  disturbing  its  homogeneity,  became 
the  vibrations  of  the  gas  being  much  slower  than  thoae  fd 
the  liquid  the  velocity  of  the  sound  is  perpetually  intw. 
nipted.    For  the  lame  reason  the  traiumisuon  of  sonnd  u 
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well  as  light  is  impeded  in  passing  through  an  atmosphere 
of  variable  density.  Sir  John  Herschel  in  his  admirable 
Treatise  on  Sounds  thus  explains  the  phenomenon :  —  ''It 
is  obvious^'*  he  says^  "  that  sound  as  well  as  light  must 
be  obstructed,  stifled^  and  dissipated  from  its  originid 
direction  by  the  mixture  of  air  of  different  temperatures^ 
imd  consequently  elasticities ;  and  thus  the  same  cause 
which  produces  that  extreme  transparency  of  the  air  at 
night,  which  astronomers  alone  fully  appreciate^  renders  it 
also  more  favourable  to  sound.  There  is  no  doubt^  how- 
ever^ that  the  universal  and  dead  silence,  generally  prevalent 
at  night,  renders  our  auditory  nerves  sensible  to  impres- 
nons  which  would  otherwise  escape  notice.  The  analogy 
between  sound  and  light  is  perfect  in  this  as  in  so  many 
other  respects.  In  the  general  light  of  day  the  stars 
diMi^>ear.  In  the  continual  hum  of  voices,  which  is 
always  going  on  by  day,  and  which  reach  us  from  all 
quarters  and  never  leave  the  ear  time  to  attain  complete 
tranquillity,  those  feeble  sounds  which  catch  our  attention 
at  night  make  no  impression.  The  ear,  like  the  eye, 
le^pures  long  and  perfect  repose  to  attain  its  utmost  sensi« 
bility." 

Many  instances  may  be  brought  in  proof  of  the  strength 
and  clearness  with  which  sound  passes  over  the  surface  of 
water  or  ice.  Lieutenant  Foster  was  able  to  carry  on  a 
conversation  across  Port  Bowen  harbour,  when  frozen,  a 
distance  of  a  mile  and  a  half. 

The  intensity  of  sound  depends  upon  the  extent  of  the 
excursions  of  the  fluid  molecules,  on  the  energy  of  the 
transient  condensations  and  dilatations,  and  on  the  greater 
or  less  number  of  particles  which  experience  these  effects. 
We  estimate  that  intensity  by  the  impetus  of  these  fluid 
molecules  on  our  organs  which  is  consequently  as  the 
square  of  the  velocity,  and  not  by  their  inertia,  which  is 

the  simple  velocity.     Were   the  latter  the  case  there 
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ould  be  no  Ratinil,  because  the  inertia  of  tlie  recedingr 
aves  of  air  would  destroy  the  equal  and  oppusite  inertia 
of  those  advancing  ;  whence  it  may  be  concluded  that  the 
intensity  of  sound  diminiBhes  inversely  as  the  Kquare  of 
the  dislanca  from  its  origin.  In  a  tubej  however,  the  force 
of  Bound  does  not  decay  as  in  open  air,  unless  perhaps  hf 
friction  against  the  sides.  IM.  Biot  found  from  a  nnmhel 
of  highly  interesting  experiments  made  on  the  pipes  of  lb* 
aqueducts  in  Paris,  that  a  continued  conversation  could  be 
carried  on  in  the  lowest  possible  whisper,  through  a 
cylindrical  tube  about  3120  feet  long,  the  time  of  traui* 
mission  through  that  space  being  2'79  fieconds.  In  moit 
auies  sound  diverges  in  all  directions  so  as  to  occupy  at 
any  one  time  a  spherical  surface  ;  hut  Dr.  Voung  hat 
shown  that  there  are  exceptions,  as  for  example  irhea  % 
fiat  lurface  vibrates  only  in  one  direction.  The  MMind  it' 
then  most  intense  when  the  ear  is  at  right  angles  to  tfa* 
surface,  whereas  it  is  scarcely  audible  in  a  direction  pre- 
cisely perpendicular  to  its  edge.  In  this  case  it  ia  impos. 
sible  that  the  whole  of  the  surrounding  air  can  be  ftfibcted 
in  the  eame  manner,  since  the  particles  behind  the  sounding 
surface  must  be  moving  towards  it,  whenever  the  partidei 
before  it  are  retreating.  Hence  in  one  half  of  the  idt- 
rounding  sphere  of  air  its  motions  are  retrograde,  while  in 
the  other  half  they  are  direct;  consequently  at  the  edgei 
where  these  two  portions  meet,  the  motions  of  the  air  wiH 
neither  be  retrograde  nor  direct,  and  therefore  it  miut  be 

It  appears  from  theory  as  well  as  daily  experience,  ibU 
sound  is  capable  of  reflection  from  surfaces^  according 
to  the  same  laws  as  light.  Indeed  any  one  who  has 
observed  the  reflection  of  the  waves  from  a  nail  on  the 
side  of  a  river  after  the  passage  of  a  steam-boat,  wiH 
have  a   perfect   idea  of  the   reflection   of   sound   and  of 
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light.  As  every  substance  in  nature  is  more  or  less  elastic, 
it  may  be  agitated  according  to  its  own  law  by  the  impulse 
of  a  mass  of  undulating  air ;  and  reciprocally  tbe  surface 
by  its  re-action  will  communicate  its  undulations  back  again 
into  ihe  air.  Such  reflections  produce  echos^  and  as  a 
series  of  them  may  take  place  between  two  or  more  obstacles^ 
each  will  cause  an  echo  of  the  original  sounds  growing 
fainter  and  fainter  till  it  dies  away ;  because  sound  like 
light  is  weakened  by  reflection.  Should  the  reflecting 
surface  be  concave  towards  a  person^  the  sound  will  converge 
towards  him  with  increased  intensity,  which  will  be  greater 
still  if  the  surface  be  spherical  and  concentric  with  ,him. 
Undulations  of  sound  diverging  from  one  focus  of  an 
eUiptical  shell  ^  converge  in  the  other  after  reflection. 
Consequently  a  sound  from  the  one  will  be  heard  in  the 
other  as  if  it  were  close  to  the  ear.  The  rolling  noise  of 
thunder  has  been  attributed  to  reverberation  between  dif- 
ferent clouds,  which  may  possibly  be  the  case  to  a  certain 
extent.  Sir  John  Herschel  is  of  opinion,  that  an  intensely 
prolonged  peal  is  probably  owing  to  a  combination  of  sounds, 
because  the  velocity  of  electricity  being  incomparably 
greater  tlian  that  of  sound,  the  thunder  may  be  regarded  as 
originating  in  every  point  of  a  flash  of  lightning  at  tlie 
same  instant.  The  sound  from  the  nearest  point  will  arrive 
first,  and  if  the  flash  run  in  a  direct  line  from  a  person, 
the  noise  will  come  later  and  later  from  the  remote  points  of 
its  path  in  a  continued  roar.  Should  the  direction  of  the 
flash  be  inchned,  the  succession  of  sounds  will  be  more 
rapid  and  intense,  and  if  the  lightning  describe  a  circular 
curve  round  a  person,  the  sound  will  arrive  from  every  point 
at  the  same  instant  with  a  stunning  crash.  In  like  manner 
the  subterranean  noises  heard  during  earthquakes  like 
distant  thunder,  may  arise  from  the  consecutive  arrival  at 
the  ear  of  undulations  propagated  at  the  same  instant  from 
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neBTGi  and  more  remote  points ;  or  if  they  originate  in  the 
same  point,  the  sound  taay  come  by  different  routes  throu^ 
strata  of  different  densities. 

Sounds  under  water  are  heard  very  distinctly  in  the  air 
immediately  above  ;  but  the  intensity  decays  with  gml 
rapidity  as  the  observer  goes  farther  ofij  and  ia  alt<^etber 
inaudible  at  the  distance  of  two  or  three  hundred  yards. 
So  that  waves  of  sound  hkc  thoK  of  IJgbt  in  passing  from 
a  dente  to  a  rare  medium,  are  not  only  refracted  but  suffer 
total  reflection  at  very  oblique  incidences.' 

The  laws  of  interference  extend  also  to  sound.  It  is 
clear  that  two  equal  and  similar  musical  sCringa  will  be  in 
unison,  if  they  communicate  the  same  number  of  vibrations 
to  the  air  in  the  same  time.  But  if  two  such  striogabe  so 
nearly  in  unison,  that  one  performs  a  hundred  vibrations 
ill  a  second,  and  the  other  a  liundred  and  one  in  the  same 
period  —  during  the  first  few  vibrations,  the  two'reanlling 
sounds  will  combine  to  form  one  of  double  the  intensity  of 
either,  because  the  serial  waves  will  sensibly  coincide  in 
time  and  place ;  bnt  one  will  gradually  gun  on  the  other 
till  at  the  fiftieth  vibration  it  will  be  half  an  osciUatiffli  in 
advance.  Then  the  waves  of  air  which  produce  tbe  Knud 
being  sensibly  equal,  hut  the  receding  part  of  the  one  nrin- 
ciding  with  the  advancing  part  of  the  other,  they  will  de> 
stroy  one  another  and  occasion  an  instant  of  silence.  The 
sound  will  be  renewed  immediately  after,  and  will  gradu- 
ally increase  till  the  hundredth  vibration,  when  the  two 
waves  will  combine  to  produce  a  sound  double  the  intoi- 
aity  of  either.  These  intervals  of  silence  and  greatest  in- 
tensity called  beats,  will  recur  every  second ;  but  if  tbe 
notes  diSet  much  from  one  another  the  alternationi  will 
resemble  a  rattle ;  and  if  tbe  strings  be  in  perfect  unison 
there  will  be  no  beats  since  there  will  be  no  interference. 
Thus  by  interference  is  meant  the  co-existence   of  two 
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undulations  in  which  the  lengths  of  the  waves  are  the 
same.     And  as  the  magnitude  of  an  undulation  may  he 
diminished  by  the  addition  of  another  transmitted  in  the 
same  direction,  it  follows  that  one  undulation  may  he  ab- 
solutely destroyed  by  another  when  waves  of  the  same 
length  are  transmitted  in  the  same  direction,  provided  that 
the  maxima  of  the  undulations  are  equal  and  that  one 
follows  the  other  by  half  the  length  of  a  wave.    A  tuning- 
fork  affords  a  good  example  of  interference.     When  that 
instrument  vibrates,  its  two  branches  alternately  recede  from 
and  approach  one  another,  each  communicates  its  vibrations 
to  the  air  and  a  musical  note  is  the  consequence.     If  the 
fork  be  held  upright  about  a  foot  from  the  ear  and  turned 
round  its  axis  while  vibrating,  at  every  quarter  revolution 
the  sound  will  scarcely  be  heard,  while  at  the  intermediate 
points  it  will  be  strong  and  clear.    This  phenomenon  arises 
from  the  interference  of  the  undulations  of  air  coming 
from  the  two  branches  of  the  fork.    When  the  two  branches 
coincide,  or  when  they  are  at  equal  distances  from  the  ear 
the  waves  of  air  combine  to  reinforce  each  other ;  but  at 
the  quadrants  where  the  two  branches  are  at  unequal  dis- 
tances from  the  ear,  the  lengtlis  of  the  waves  differ  by  half 
an  undulation  and  consequently  destroy  one  another. 
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Wkbm  the  panicles  of  clastic  bodies  are  KutlJenly  disturbed 
by  an  impulse,  they  return  to  their  natural  position  hj  ^ 
scries  of  isocliioiioua  vibrations,  whose  rapidity,  force,  and 
]>ermaneiicy  depend  upon  the  elasticity,  the  form,  and  thg 
mode  of  aggregation  which  uniies  tlie  pirticles  of  the  bodj. 
These  oscillations  are  communicated  to  the  air,  and  OQ  tcr 
count  of  iia  elasticity  they  excitu  alternate  condgnsatiiini , 
and  dilatations  in  the  strata  of  the  fluid  nearest  to  the  vibrat- 
ing body  :  from  thence  tliey  are  propagated  to  a  diilance. 
A  Btriiig  or  wire  stretched  between  two  pins,  when  dtavn 
aside  and  suddenly  let  go  itili  vibrale  till  its  own  rigidly 
and  the  resistance  of  the  air  reduce  it  to  rest.  These  oecil* 
lationa  may  be  rotatory,  in  every  plane,  or  confined  t»  OW 
plane  according  as  the  moUon  is  communicated.  la  llif 
piano-foite,  where  the  strings  are  struck  by  a  hammer  at 
one  extremity,  the  vihrationa  probably  consist  of  a  bulge 
running  to  and  fro  from  end  to  end.  Different  mode*  cf 
Tibration  may  be  obtained  from  the  same  sonorous  body. 
Suppose  a  vibrating  string  to  give  the  lowest  C  of  the  pi*no> 
forte  which  is  the  fundamental  note  of  the  string ;  if  it  be 
lightly  touched  exactly  in  the  middle  so  as  to  retain  Uut 
point  at  rest,  each  half  will  then  vibrate  twice  as  fait  ii 
the  whole  but  in  opposite  directions ;  the  ventral  or  hom- 
ing segments  will  be  alternately  above  and  below  the  natntil 
position  of  the  string,  and  the  resulting  note  will  be  the 
octave  above  C     When  a  point  at  a  third  of  the  length  of 
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the  String  is  kept  at  rest,  the  yihrations  will  be  three  times 
88  fast  as  those  of  the  whole  string  and  will  give  the  twelfth 
above  C.  When  the  point  of  rest  is  one  fourth  of  the 
whole,  the  oscillations  will  be  four  times  as  fast  as  those 
of  the  fundamental  note^  and  will  give  the  double  octave ; 
and  so  on.  These  acute  sounds  are  called  the  harmonics  of 
the  fundamental  note.  It  is  clear  from  what  has  been 
stated^  that  the  string  thus  vibrating  could  not  give  these 
harmonics  spontaneously  unless  it  divided  itself  at  its  ali- 
quot parts  into  two^  three^  four,  or  more  segments  in  opposite 
states  of  vibration  separated  by  points  actually  at  rest.  In 
proof  of  this  pieces  of  paper  placed  on  the  string  at  the 
balf^  thirds  fourth,  or  other  aliquot  points  according  to  the 
corresponding  harmonic  sound,  will  remain  on  it  during 
its  vibration,  but  will  instantly  fly  off  from  any  of  the  inter- 
mediate points.  The  points  of  rest  called  the  nodal  points 
of  the  string,  are  a  mere  consequence  of  the  law  of  inter- 
ferences. For  if  a  rope  fastened  at  one  end  be  moved  lo 
and  fro  at  the  other  extremity  so  as  to  transmit  a  succession 
of  equal  waves  along  it,  they  will  be  successively  reflected 
when  they  arrive  at  the  other  end  of  the  rope  by  the  fixed 
pointy  and  in  returning  they  will  occasionally  interfere  with 
the  advancing  waves;  and  as  these  opposite  undulations 
will  at  certain  points  destroy  one  another,  the  point  of  the 
rope  in  which  this  happens  will  remain  at  rest.  Thus  a 
series  of  nodes  and  ventral  segments  will  be  produced,  whose 
number  will  depend  upon  the  tension  and  the  frequency  of 
the  alternate  motions  communicated  to  the  movable  end. 
So  when  a  string  fixed  at  both  ends  is  put  in  motion  by  a 
sudden  blow  at  any  point  of  it,  the  primitive  impulse  di- 
vides itself  into  two  pulses  running  opposite  ways,  which 
are  each  totally  reflected  at  the  extremities,  and  running 
back  again  along  the  whole  length  are  again  reflected  at 
the  other  ends.  And  thus  they  will  continue  to  run  back- 
wards and  forwards  crossing  one  another  at  each  traverse. 
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and  occasionally  interfering,  so  as  to  produce  nodes;  so 
that  the  motion  of  a  string  fastened  at  both  ends  consists 
of  a  wave  or  pulse^  continually  doubled  back  on  itself  by 
reflection  at  the  fixed  extremities. 

Harmonics  generally  co-exist  with  the  fundamental  sound 
in  the  same  vibrating  body.  If  one  of  the  lowest  strings 
of  the  piano-forte  be  struck,  an  attentive  ear  will  not  only 
hear  the  fundamental  note,  but  will  detect  all  the  odiers 
sounding  along  with  it^  though  with  less  and  less  intensity 
as  their  pitch  becomes  higher.  According  to  the  law  of 
co-existing  undulations^  the  whole  string  and  each  of  ils 
aliquot  parts  are  in  different  and  independent  states  of 
vibration  at  the  same  time ;  and  as  all  the  resulting  notes 
are  heard  simultaneously^  not  only  the  air  but  the  ear  also 
vibrates  in  unison  with  each  at  the  same  instant.  ^ 

Harmony  consists  in  an  agreeable  combination  of  sounds. 
When  two  chords  perform  their  vibrations  in  the  same  time, 
they  are  in  unison.  But  when  their  vibrations  are  so  re- 
lated as  to  have  a  common  period  after  a  few  oscillatioDs 
they  produce  concord.  Thus  when  the  vibrations  of  two 
strings  bear  a  very  simple  relation  to  each  other,  as  where 
one  of  them  makes  two,  three,  four,  &c.  vibrations  in  the 
time  the  other  makes  one ;  or  if  it  accomplishes  three, 
four,  &c.  vibrations  while  the  other  makes  two,  the  result 
is  a  concord  which  is  the  more  perfect  the  shorter  the  com- 
mon period.  In  discords,  on  the  contrary,  the  beats  are 
distinctly  audible  which  produces  a  disagreeable  and  harsh 
effect,  because  the  vibrations  do  not  bear  a  simple  relation 
to  one  another,  as  where  one  of  two  strings  makes  eight 
vibrations  while  the  other  accomplishes  fifteen.  The  plea- 
sure afforded  by  harmony  is  attributed  by  Dr.  Young  to  the 
love  of  order,  and  to  a  predilection  for  a  regular  repetition 
of  sensations  natural  to  the  human  mind,  which  is  gratified 
by  the  perfect  regularity  and  rapid  recurrence  of  the  vibra- 

>  Note  176. 
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The  love  of  poetry  and  dancing  he  conceives  to 
in  some  degree  from  the  rhythm  of  the  one  and  the 
ftrity  of  the  motions  in  the  other, 
blast  of  air  passing  over  the  open  end  of  a  tube  as 
the  reeds  in  Pan's  pipes ;  over  a  hole  in  one  side  as 
e  "flute ;  or  through  the  aperture  called  a  reed  with 
dble  tongue  as  in  the  clarinet^  puts  the  internal 
m  of  air  into  longitudinal  vibrations  by  the  alternate 
•nsations  and  rarefactions  of  its  particles.    At  the  same 

the  column  spontaneously  divides  itself  into  nodes 
ten  which  die  air  also  vibrates  longitudinally,  but  with 
lidity  inversely  proportional  to  the  length  of  the  divi- 
y  giving  the  fundamental  note  or  one  of  its  harmonics. 
nodes  are  produced  on  the  principle  of  interferences 
le  reflection  of  the  longitudinal  undulations  of  the  air 
e  ends  of  the  pipe  as  in  the  musical  string,  only  that 
le  case  the  undulations  are  longitudinal  and  in  the 

transverse. 

pipe  either  open  or  shut  at  both  ends  when  sounded 
tes  entire,  or  divides  itself  spontaneously  into  two, 
,  four,  &c.  segments  separated  by  nodes.  The  whole 
im  gives  the  fundamental  note  by  waves  or  vibra-t 

oi  the  same  length  with  the  pipe.  The  first  har-» 
c  is  produced  by  waves  half  as  long  as  the  tube> 
econd  harmonic  by  waves  a  third  as  long,  and  so  on. 
harmonic  segments  in  an  open  and  shut  pipe  are  the 

in  number  but  differently  placed.  In  a  shut  pipe 
wo  ends  are  nodes,  but  in  an  open  pipe  there  is  half  a 
ent  at  each  extremity,  because  the  air  at  these  points 
ither  rarefied  nor  condensed,  being  in  contact  with 
p?hich  is  external.  If  one  of  the  ends  of  the  open  pipe 
osed  its  fundamental  note  will  be  an  octave  lower, 
ir  will  now  divide  itself  into  three,  five,  seven,  &c. 
ents ;  and  the  wave  producing  its  fundamental  note 
36  twice  as  long  as  the  pipe,  so  that  it  will  be  doubled 
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iMck.  1  All  these  notee'  nday  be  prodaoed  wejpwlMjf 
yarying  the  intentity  of  tbe  Uatt.  Blowing  iteadify  iarf 
gently^  the  fttn4aniental  note  will  eonnd ;  when  tbe  Ibcbraf 
the  blast,  is  increased,  the  note  will  all  at  onoe  stwt  np  in 
octave ;  when  ihe  intensity  of  tbp  wind  is  angmenled,  fim 
twelfth  win  be  heard,  and  by  continning  to  inerahse'tihe 
force  of  the  blast  the  otber  harmonics  may  be  obtafaied,  ftat 
no  fixree  of  wind  will  produce  a  note  intermediate  betMft- 
these.  The  harmonics  of  a  €nte  may  be  obtained  In  ^ftis 
manner,  from  the  lowest  C  or  D  apwards,  withoat  iteriag 
the.  fingering,  merely  by  increadng  the  intensity  of  tfls> 
blast,  and  altering  the  form  of  the  lips.  Pipes  of  dw 
dimensions,  whether  of  lead,  g^ass,  or  wood,  give  tiie 
tone  as  to  piteh  under  the  same  circmnstanoes,  which  Jti^ 
that  the  air  alone  produces  the  sound.  •     / 

•  Metal  springs  fastened  at  one  end,  when  forcibly  Ita^ 
endeavour  to  return  to  rest  by  a  series  of  vihratioiiSy  wlieli 
give  very  pleasing  tones^  as  in  musical  boxes.  VaiiaiBi 
musical  instruments  have  recently  been  constructed,  oonast- 
ing  of  metallic  springs  thrown  into  vibration  by  a  current 
of  air.  Among  the  ir^ost  perfect  of  these  are  Mr.  Whett- 
stones's  Syraphonion^  Concertina^  and  ^olian  Organ,  in- 
struments of  different  effects  and  capabilities^  but  all  pos- 
sessing considerable  execution  and  expression. 

The  Syren  is  an  ingenious  instrument,  devised  by  M. 
Cagniard  de  la  Tour^  for  ascertaining  the  number  of  puls- 
ations in  a  second  corresponding  to  each  pitch:  the  notcf 
are  produced  by  jets  of  air  passing  through  small  apertures 
arranged  at  regular  distances  in  a  circle  on  the  side  of  a  box, 
before  which  a  disc  revolves  pierced  with  the  same  number 
of  holes.  During  a  revolution  of  the  disc  the  currents  sre 
alternately  intercepted  and  allowed  to  pass  as  many  timet 
as  there  are  apertures  in  it,  and  a  sound  is  produced  whose 
pitch  depends  on  the  velocity  of  rotation. 

»  Note  177. 
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A  glass  or  metallic  rod^  when  struck  at  one  end^  or 
rubbed  in  the  direction  of  its  length  with  a  wet  finger^ 
Tibrates  longitudinally  like  a  column  of  air^  by  the  alter- 
nate condensation  and  expansion  of  its  constituent  par^ 
tides^  producing  a  clear  and  beautiful  musical  note  of 
a  high  pitchy  on  account  of  the  rapidity  with  which 
tbeie  substances  transmit  sound.  Rods^  surfaces^  and^  in 
gmeral,  all  undulating  bodies^  resolve  themselves  into 
nodes.  But  in  surfaces^  the  parts  which  remain  at  rest 
during  their  vibrations  are  lines,  which  are  curved  or 
plane  according  to  the  substance,  its  form,  and  the  mode 
of  vibration.  If  a  little  fine  dry  sand  be  strewed  over  the 
surface  of  a  plate  of  glass  or  metal,  and  if  undulations  be 
excited  by  drawing  the  bow  of  a  violin  across  its  edge,  it 
will  emit  a  musical  sound,  and  the  sand  will  immediately 
arrange  itself  in  the  nodal  lines,  where  alone  it  will  ac- 
cumulate and  remain  at  rest,  because  the  segments  of 
the  surface  on  each  side  will  be  in  different  states  of 
vibration,  the  one  being  elevated  while  the  other  is  de- 
pressed, and  as  these  two  motions  meet  in  the  nodal  lines^ 
they  neutralise  one  another.  These  lines  vary  in  form 
and  position  with  the  part  where  the  bow  is  drawn  across, 
and  the  point  by  which  the  plate  is  held.  The  motion  of 
the  sand  shows  in  what  direction  the  vibrations  take  place. 
If  they  be  perpendicular  to  the  surface,  the  sand  will  be 
violently  tossed  up  and  down,  till  it  finds  the  points  of  rest. 
If  they  be  tangential,  the  sand  will  only  creep  along  the 
surface  to  the  nodal  lines.  Sometimes  the  undulations  are 
oblique,  or  compounded  of  both  the  preceding.  If  a  bow 
be  drawn  across  one  of  the  angles  of  a  square  plate  of 
glass  or  metal  held  firmly  by  the  centre,  the  sand  will 
arrange  itself  in  two  straight  lines  parallel  to  the  sides  of 
the  plate,  and  crossing  in  the  centre  so  as  to  divide  it  into 
firar  equal  squares,  whose  motions  will  be  contrary  to  each 
other.     Two  of  the  diagonal  squares  will  make  their  ex- 
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a  one  lide  of  the  plaCe,  while  the  other  two  make 
their  vibrations  on  the  other  side  of  it.  This  mode  of 
vibration  produces  the  lowest  tone  of  the  plal«.'  If  the 
plaie  be  still  held  by  the  centre,  and  the  bon  applied  to 
liie  niiildle  of  one  of  the  sided,  the  vibrations  will  be  more 
rapid,  ntid  the  tone  will  be  a  fifth  higher  than  in  the  pre- 
ceiiing  case ,'  now  the  sand  will  arrange  itedf  from  ceruer  lo 
r,  and  will  divide  the  plate  into  four  equal  tiiangles, 
each  pair  of  which  will  make  their  excursions  on  opposite 
sides  of  the  plaie.  The  nodal  linea  and  pitch  vary  notonlj 
with  the  point  where  the  bon  is  applied,  but  with  the  point 
by  which  the  platii  is  held,  which  being  at  rest,  neceesarily 
determines  tbe  direction  of  one  of  the  quiescent  lines-  The 
forms  assumed  by  ibe  sand  in  square  platea  are  very  nti- 
»,  corresponding  to  all  the  various  modes  of  vibratiaa. 
The  lines  in  circular  plates  are  even  more  remarkable  lot 
their  symmetry,  and  upon  them  llie  forma  assumed  by  ^ 
sand  may  be  classed  In  three  systema.  Tbe  first  i«  the 
diametrical  system,  in  which  tbe  fipiurea  consist  of  dia- 
metera  dividing  the  circumfer«ice  of  the  plate  iato  cvmI 
parta,  each  of  which  is  in  a  different  atate  of  rihrilin 
from  those  adjacent.  Two  diameters,  for  esampla^  tntt' 
ing  at  right  angles,  divide  the  circumference  into  Jbv 
equal  parts;  three  diameters  divide  it  into  nx  eq^al  paid; 
four  divide  it  into  eight,  and  so  on.  In  k  metallic  ^att, 
these  divisions  nay  amount  to  thirty-six  or  fortf.  The 
uest  is  the  concentric  system,  where  the  land  mtUigK 
itself  in  circles,  having  tbe  same  centre  with  tbe  phlc; 
and  die  third  it  tbe  compound  aystem,  where  tbe  fl^KB 
assumed  by  tbe  sand  are  compounded  of  the  othatM^ 
'  produdng  very  complicated  and  beautiful  forma,  fiiBfcir 
seems  to  have  been  the  first  to  notice  the  poiatBafMit 
and  motion  in  the  sounding  board  of  a  nuincal  inalniaiat; 
but  u>  Chladni  ia  due  the  whole  discovery  of  tfa*  MjttM»- 
>  {KM  vm. 
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trical  fonns  of  the  nodal  lines  in  vibrating  plates.^  Professor 
Wheatstone  has  shown^  in  a  paper  read  before  the  Royal 
Society,  in  1833,  that  all  Chladnrs  figures,  and  indeed  all 
the  nodal  figures  of  vibrating  surfaces,  result  from  very 
rimple  modes  of  vibration,  oscillating  isochronously,  and 
saperposed  upon  each  other ;  the  resulting  figure  varying 
with  the  component  modes  of  vibration,  the  number  of  the 
faperpositions,  and  the  angles  at  which  they  are  super- 
poied.  For  example,  if  a  square  plate  be  vibrating  so  as 
to  make  the  sand  arrange  itself  in  straight  lines  parallel  to 
one  side  of  the  plate,  and  if,  in  addition  to  this,  such 
▼ihrfttioDs  be  excited  as  would  have  caused  the  sand  to 
form  in  lines  perpendicular  to  the  first  had  the  plate  been 
at  rest,  the  combined  vibrations  will  make  the  sand  form 
in  lines  from  corner  to  corner.^ 

M.  Savart's  experiments  on  the  vibrations  of  flat  glass 
folers  are  highly  interesting.  Let  a  lamina  of  glass  27*"*56 
long>  0*59  of  an  inch  broad,  and  0*06  of  an  inch  in  thick- 
ness, be  held  by  the  edges  in  the  middle,  with  its  flat  sur- 
face horizontal.  If  this  surface  be  strewed  with  sand^  and 
set  in  longitudinal  vibration  by  rubbing  its  under  surface 
with  a  wet  cloth,  the  sand  on  the  upper  surface  will  ar- 
nwge  itself  in  lines  parallel  to  the  ends  of  the  lamina, 
always  in  one  or  other  of  two  system s.^  Although  the 
same  one  of  the  two  systems  will  always  be  produced  by 
the  same  plate  of  glass,  yet  among  different  plates  of  the 
preceding  dimensions,  even  though  cut  from  the  same  sheet 
side  by  side,  one  will  invariably  exhibit  one  system,  and 
the  other  the  other,  without  any  visible  reason  for  the 
difference.  Now  if  the  positions  of  these  quiescent  lines 
be  marked  on  the  upper  surface,  and  if  the  plate  be  turned 
so  that  the  lower  surface  becomes  the  upper  one,  the  sand 
being  strewed,  and  vibrations  excited  as  before,  the  nodal 
lines  will  still  be  parallel  to  the  ends  of  the  lamina,  but 

>  Kote  179.  2  Note  180.  »  Note  181. 
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their  positions  will  be  intermediate  between  those  of  the 
upper  surface.^  Thus  it  appears  that  all  the  motions  of 
one  half  of  the  thickness  of  the  lamina^  or  ruler,  are  exactly 
contrary  to  those  of  the  corresponding  points  of  the  other 
half.  If  the  thickness  of  the  lamina  be  increased,  the 
other  dimensions  remaining  the  same,  the  sound  will  not 
vary,  but  the  number  of  nodal  lines  will  be  less.  When 
the  breadth  of  the  lamina  exceeds  the  0*6  of  an  inch,  the 
nodal  lines  become  curved,  and  are  different  on  the  two 
surfaces.  A  great  variety  of  forms  are'  produced  by  in- 
creasing the  breadth  and  changing  the  form  of  the  surface; 
but  in  all,  it  appears  that  the  motions  in  one  half  of  the 
thickness  are  opposed  to  those  in  the  other  half. 

M.  Savart  also  found,  by  placing  small  paper  rings  round 
a  cylindrical  tube  or  rod,  so  as  to  rest  upon  it  at  one  point 
only,  that  when  the  tube  or  rod  is  continually  turned  on 
its  axis  in  the  same  direction,  the  rings  slide  along,  during 
the  vibrations,  till  they  coirie  to  a  quiescent  point,  where 
they  rest.  By  tracing  these  nodal  liiies  he  discovered 
that  they  twist  in  a  spiral  or  corkscrew  round  rods  and 
cylinders,  making  one  or  more  turns  acconling  to  the  length; 
but  at  certain  points,  varying  in  number  according  to  the 
mode  of  vibration  of  the  rod,  the  screw  stops,  and  recom- 
mences on  the  other  side,  though  it  is  turned  in  a  contrary 
direction  ;  that  is,  on  one  side  it  is  a  right-handed  screw, 
on  the  other  a  left.-  The  nodal  lines  in  the  interior  sur- 
face of  the  tube  are  perfectly  similar  to  those  in  the  exterior, 
but  they  occupy  intermediate  positions.  If  a  small  ivory 
ball  be  put  within  the  tube,  it  will  follow  these  nodal  Hnes 
when  the  tube  is  made  to  revolve  on  its  axis. 

All  solids  which  ring  when  struck,  such  as  bells,  drink- 
ing glasses,  gongs,  &c.,  have  their  shape  momentarily  and 
forcibly  changed  by  the  blow,  and  from  their  elasticity,  or 
tendency  to  resume  their  natural  form,  a  series  of  undu- 
lations take  place,  owing  to  the  alternate  condensations  and 

>  Note  182.  «  Note  183. 
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rarefactions  of  the  particles  of  solid  matter.  These  have 
also  their  harmonic  tones^  and  consequently  nodes.  In- 
deed generally^  when  a  rigid  system  of  any  form  whatever 
vibrates  either  transversely  or  longitudinally^  it  divides 
itself  into  a  certain  number  of  parts,  which  perform  their 
vibrations  without  disturbing  one  another.  These  parts  are 
at  every  instant  in  alternate  states  of  undulation ;  and  as  the 
points  or  lines  where  they  join  partake  of  both  they  remain 
at  rest,  because  the  opposing  motions  destroy  one  another. 

llie  air  notwithstanding  its  rarity^  is  capable  of  trans^ 
mitting  its  undulations  when  in  contact  with  a  body  sus- 
oeptiUe  of  admitting  and  exciting  them.  It  is  thus  that 
sympathetic  undulations  are  excited  by  a  body  vibrating 
near  insulated  tended  strings,  capable  of  following  its  un- 
dulations, either  by  vibrating  entire,  or  by  separating  them- 
sdves  into  their  harmonic  divisions.  If  two  chords  equally 
stretched,  of  which  one  is  twice  or  three  times  longer  than 
the  other,  be  placed  side  by  side,  and  if  the  shorter  be 
aoanded,  its  vibrations  will  be  communicated  by  the  air  to 
the  other,  which  will  be  thrown  into  such  a  state  of  vi- 
bration that  it  will  be  spontaneously  divided  into  segments 
equal  in  length  to  the  shorter  string.  When  a  tuning- 
fork  receives  a  blow  and  is  made  to  rest  upon  a  piano-forte 
dvring  its  vibration,  every  string  which  either  by  its  na- 
tural length  or  by  its  spontaneous  subdivisions,  is  capable ' 
of  executing  corresponding  vibrations,  responds  in  a  sympa- 
thetic note.  Some  one  or  other  of  the  notes  of  an  organ 
are  generally  in  unison  with  one  of  the  panes,  or  with  the 
whole  sash  of  a  window,  which  consequently  resounds  when 
those  notes  are  sounded.  A  peal  of  thunder  has  frequently 
the  same  effect.  The  sound  of  very  large  organ-pipes  is 
generally  inaudible  till  the  air  be  set  in  motion  by  the  un. 
dulations  of  some  of  the  superior  accords,  and  then  its  sound 
becomes  extremely  energetic.  Recurring  vibrations  oc- 
caaionaUy  influence  each  other's  periods.     For  example. 
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tmo  a^iaotnt  oigaiwpipML  mmiy  ia  uim^  «qr  faum 
Ibenuelvet  into  ooiMocd  j  atA-tw^  dodai  wfaiMie  niMi  dif* 
lipred  ooandenUy  when  lepmlifl^  have  Inmh  ktevn  it  bnt 
together  when  fixed  to  die  mam  wa]l>  and  one  dodk  iMi 
fixreed  Ae  pendidnm  of  aaodier  into  mn^tm,  nfcan^irtiiy 
ttanding  on  t]ie  oame  iftona  -panucwl  -   TiiMMi 
oidUatiena  wiiidi  oenwpond  in  tibeir  periodn  wilfa 
of  the  exdtlDi^  eaoae^  aie  to  be  Ineed  in  ewty  dopailnMnt 
oCphyiloid  aeienoe.    fievend  inattneee  of  theai  haM  al* 
xeadf  oocnned  in  thii  woxk.    Snch  an  the  tide%  -niMi 
iidlow  tho  mm  and  moon  in  aUl  their  motSona  and  periodic 
The  nnlofcion  of  the  eardi's  axia  ako  iddAt  Bflfffi^inii 
with  die  pcHod>  and  lispieae&ta  die  modian  of  the  nodavdf 
the  moOB^  ia  agahi  refleeted  back  lo  the  moon,  and  maf^ht 
traced  in  the  nntalMn  of  the  lunar  orbit*  Andlaatly»  Ihaii.. 
cdleration  of  the  moon's  mean  motion  leprcaenta  thie 
c^  the  planets  on  the  earth  reflected  by  the  son  to  the  i 
•    In  consequence  of  the  facility  with  which  the  air  com- 
municates  undulations,  all  the   phenomena   of   vibrating 
plates  may  be  exhibited  by  sand  strewed  on  paper  or  parch- 
ment^ stretched  over  a  harmonica  glass  or  large  bell-shaped 
tumbler.     In  order  to  give  due  tension  to  the  paper  or 
vellum,  it  must  be  wetted,  stretched  over  the  glass,  gummed 
round  the  edges,  allowed  to  dry,  and  varnished  over  to  pre* 
vent  changes  in  its  tension  from  the  humidity  of  the  at* 
mosphere.   If  a  circular  disc  of  glass  be  held  conoentriesDy 
over  this  apparatus,  with  its  plane  parallel  to  the  surface  of 
the  paper,  and  set  in  vibration  by  drawing  a  bow  across 
its  edge,  so  as  to  make  sand  on  its  surface  take  any  of 
Chladni's  figures,  the  sand  on  the  paper  will  assume  the 
very  same  form,  in  consequence  of  the  vibrations  of  the  disc 
being  communicated  to  the  paper  by  the  air.     When  the 
disc  is  removed  slowly  in  a  horizontal  direction,  the  forms 
on  the  paper  will  correspond  with  those  on  the  disc,  till  the 
distance  is  too  great  for  the  air  to  convey  the 
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if  the  disc  while  vibrating  be  gradually  more  and  more  in- 
elined  to  the  horizon,  the  figures  on  the  paper  will  vary  by 
degrees^  and  when  the  vibrating  disc  is  perpendicular  to 
the  horizon^  the  sand  on  the  paper  will  form  into  strsdght 
lines  parallel  to  the  surface  of  the  disc,  by  creeping  along 
it  instead  of  dancing  up  uid  down.  If  the  disc  be  made 
to  turn  round  its  vertical  diameter  while  vibrating^  the  nodal 
lines  on  the  paper  will  revolve^  and  exactly  follow  the  mo- 
tion of  the  disc.  It  appears  from  this  experiment^  that  the 
motions  of  the  aerial  molecules  in  every  part  of  a  spherical 
wave,  propagated  from  a  vibrating  body  as  a  centre,  are 
l^axalld  to  each  other,  and  not  divergent. like  the  radii  of  a 
cirde^  When  a  slow  air  is  played  on  a  flute  near  this  appa- 
rstils,  eadi  note  calls  up  a  particular  form  in  the  sand,  which 
.the  next  note  effaces  to  establish  its  own.  The  motion 
•of  the  sand  will  even  detect  sounds  that  are  inaudible.  By 
the  vibrations  of  sand  on  a  drum-head  the  besieged  have 
discovered  the  direction  in  which  a  counter.mine  was  work- 
ing. M.  Savart,  who  made  these  beautiful  experiments, 
employed  this  apparatus  to  discover  nodal  lines  in  masses 
of  air.  He  found  that  the  air  of  a  room,  when  thrown  into 
nndulations  by  the  continued  sound  of  an  organ-pipe,  or  by 
any  other  means,  divides  itself  into  masses  separated  by 
nodal  curves  of  double  curvature,  such  as  spirals,  on  each 
side  of  which  the  air  is  in  opposite  states  of  vibration.  He 
even  traced  these  quiescent  lines  going  out  at  an  open  win- 
dow, and  for  a  considerable  distancce  in  the  open  air.  The 
sand  is  violently  agitated  where  the  undulations  of  the  air 
are  greatest,  and  remains  at  rest  in  the  nodal  lines.  M. 
Savart  observed,  that  when  he  moved  his  head  away  from 
a  quiescent  line  towards  the  right  the  sound  appeared  to 
come  from  the  right,  and  when  he  moved  it  towards  the 
left  the  sound  seemed  to  come  from  the  left,  because  the 
molecules  of  air  are  in  different  states  of  motion  on  each 
aide  of  the  quiescent  line. 
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A  musical  string  gives  a  very  feeble  BonTid  when  Tibrat- 
ing  aloiie,  on  account  of  the  smftll  <iuan[ity  of  air  set  in 
motion.  But  when  atlxched  to  a  sounding  board,  as  in  the 
harp  sQiI  piann-forte,  it  communicates  its  undulations  to 
that  surface,  and  from  thence  to  every  part  of  the  instru- 
ment ;  so  that  the  whole  system  vibrates  isochronously,  and 
by  exposing  an  extensive  undulating  surface,  which  trans- 
mits its  undulations  to  a  great  tuass  of  air,  the  sound  it 
much  reinforced.  The  intensityis  greatest  when  the  vibra- 
tions of  the  string  or  sounding  body  are  perpendicular  to 
the  sounding-board,  and  least  when  they  are  In  the  same 
plane  with  it.  The  sounding-board  of  the  piano-forte  it 
better  disposed  than  that  of  any  other  stringed  instruraentj 
because  (lie  hsmmeri  strike  the  strings  so  as  to  make  them 
vibrate  at  right  angles  to  it.  Jn  the  guitar,  on  the  con- 
trary, they  are  struck  obliquely,  which  renders  the  lone 
feeble,  unlets  when  the  sides,  which  also  act  as  a  sounding- 
board,  are  deep.  It  is  evident  that  the  sounding-board  and 
the  whole  instrument  are  agitated  at  once  by  all  the  supers 
posed  vibrations  excited  by  the  simultaneous  or  coDsecatiTC 
notes  that  are  sounded,  each  having  its  perfect  eStet  inde^ 
pendently  of  the  rest.  A  sounding- board  not  only  recipro- 
cates the  different  degrees  of  pitch,  but  all  the  naraeleM 
qualities  of  tone.  This  has  been  beautifully  illustrated  hf 
Professor  Wheatatone  in  a  series  of  experiment*  on  Ae 
transmission  through  solid  conductors  of  musical  perfonn- 
ances,  from  the  harp,  piano,  violin,  clarinet,  &c.  He  fomid 
that  ail  the  varieties  of  pitch,  quality,  and  intensity,  trc 
perfectly  transmitted  with  their  relative  gradations,  and 
may  be  communicated  through  conducting  wires  or  rods  of 
very  considerable  length,  to  a  properly  disposed  sounding- 
board  in  a  distant  apartment.  The  sounds  of  an  entile 
orchestra  may  be  transmitted  and  reciprocated  by 
ing  one  end  of  a  metallic  rod  with  a  sounding- bocrd 
the  orchettra,  so  placed  M  to  resound  to  sU 
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and  the  other  end  with  the  sounding-hoard  of  a  harp^  piano. 
Of  guitar,  in  a  remote  apartment  Professor  Wheatstone 
tAxervea,  "  The  effect  of  this  experiment  is  very  pleasing ; 
the  sounds,  indeed,  have  so  little  intensity  as  scarcely  to  be 
beard  at  a  distance  from  the  reciprocating  instrument;  hut 
Ml  placing  the  ear  close  to  it,  a  diminutive  hand  is  heard 
in  which  all  the  instruments  preserve  their  distinctive 
qualities,  and  the  pianos  and  fortes,  the  cresceudos  and  di. 
minuendos,  their  relative  contrasts.  Compared  with  an 
ordinary  hand  heard  at  a  distance  through  the  air,  the 
effect  is  as  a  landscape  seen  in  miniature  beauty  through  a 
ooneaye  lens,  compared  with  the  same  scene  viewed  by  or- 
dinary vision  through  a  murky  atmosphere." 

Every  one  is  aware  of  the  reinforcement  of  sound  hy  the 
resonance  of  cavities.  When  singing  or  speaking  near  the 
aperture  of  a  wide-mouthed  vessel,  the  intensity  of  some 
one  note  in  unison  with  the  air  in  the  cavity  is  often  aug- 
mented to  a  great  degree.  Any  vessel  will  resound  if  a 
body  vibrating  the  natural  note  of  the  cavity  be  placed  op- 
posite to  its  orifice,  and  be  large  enough  to  cover  it ;  or 
at  least  to  set  a  large  portion  of  the  adjacent  air  in  motion. 
For  the  sound  will  be  alternately  reflected  by  the  bottom 
of  the  cavity  and  the  undulating  body  at  its  mouth.  The 
first  impulse  of  the  undulating  substance  will  be  reflected 
by  the  bottom  of  the  cavity,  and  then  by  the  undulating 
body,  in  time  to  combine  with  the  second  new  impulse. 
This  reinforced  sound  will  also  be  twice  reflected  in  time 
to  conspire  with  the  third  new  impulse ;  and  as  the  same 
process  will  he  repeated  on  every  new  iriipulse,  each  will 
combine  with  all  its  echoes  to  reinforce  the  sound  prodi- 
giously. Professor  Wheatstone,  to  whose  ingenuity  we  are 
indebted  for  so  much  new  and  valuable  information  on  the 
theory  of  sound,  has  given  some  very  striking  instances  of 
resonance.  If  one  of  the  branches  of  a  vibrating  tuning 
fork  be  brought  near  the  embouchure  of  a  flute,  the  lateral 
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apertures  of  which  are  stopped  «o  as  to  render  il  capable 
of  producing  Ihe  same  sound  as  the  fork,  the  feeble  and 
scarcely  audible  sound  of  the  fork  will  be  augment^  bj 
the  rich  resonance  of  the  column  of  air  within  the  (lute, 
and  the  tone  will  be  full  and  clear.  The  sound  will  be 
found  greatly  to  decrease  by  closing  or  opening  another 
aperture  ;  for  the  atterution  in  the  length  of  the  column  of 
air  renders  it  no  longer  fit  perfectly  to  reciprocate  the  sound 
of  the  flute.  This  experiment  may  be  made  on  a  concert 
flute  with  a  C  tuning-fork.  But  Professor  Whealstonc  ob- 
serves, that  in  this  case  it  is  generally  necesBary  to  finger  the 
flute  for  B,  because  when  blown  into  with  the  mouth,  the 
under-lip  partly  covers  the  embouchure,  which  renders  the 
sound  about  a  semitone  flatter  than  it  would  be  were  the 
embouchure  entirely  uncovered.  He  has  also  shown  by  the 
following  experiment,  that  any  one  among  several  simulta- 
neous sounds  may  be  rendered  separately  audible.  If  two 
bottles  be  selected,  and  tuned  by  fliling  them  with  mch  a 
quantity  of  water  as  will  render  them  uniaonant  with  two 
tuning-forks  nhich  diSer  in  pitch,  on  bringing  bodi  ef  dw 
vibrating  tuning  forks  to  the  mouth  of  each  bottle  alta- 
nately,  in  each  case  that  sound  only  will  be  heard  whidi  is 
reciprocated  by  the  unisomint  bottle. 

Several  attempts  hare  been  made  to  imitate  the  vtical»- 
tion  of  the  letters  of  the  alphabeL  About  the  year  1779, 
MM.  Kratzenstein  of  St.  Petersbu^h,  and  Kcmpelen  of 
Vienna,  conetnicted  instruments  which  articulated  many 
letters,  words,  and  even  sentences.  Mr.  Willis  of  Cain* 
bridge  haa  recently  adapted  cylindrical  tubes  to  a  reed, 
whose  length  can  be  varied  at  pleasure  by  (Uding  jointi. 
Upon  drawing  cut  a  tube  while  a  column  of  air  from 
the  bellows  of  an  oi^an  is  psasing  through  it,  the  vowels 
are  pronounced  in  the  order,  i,  «,  a,  o,  v.  On  extending 
the  tube  they  are  repeated  after  a  certain  interval,  in  the 
inverted  order,  11,0^  a,  e,  i.    After  aaotheTinlenaltbejr  an 
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.  obtained  in  the  direct  order,  and  so  on.  When  the 
of  the  reed  is  very  high^  it  is  impossible  to  sound 
of  the  vowels,  which  is  in  perfect  correspondence  with 
luman  voice,  female  singers  being  unable  to  pronounce 
i  o  in  their  high  notes.  From  the  singular  discoveries 
.  Savart  on  the  nature  of  the  human  voice,  and  the 
;tigations  of  Mr.  Willis  on  the  mechanism  of  the 
IX,  it  may  be  presumed  that  ultimately  the  utterance 
ronunciation  of  modern  languages  will  be  conveyed^ 
»iily  to  the  eye  but  also  to  the  ear  of  posterity.  Had 
ncients  possessed  the  means  of  transmitting  such  de- 
i  sounds,  the  civilised  world  would  still  have  responded 
^mpathetic  notes  at  the  distance  of  many  ages. 
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Not  only  every  thing  we  hear  but  all  we  see  ia  throngb 
the  meilium  of  the  aimosphere.  Without  Kome  knowledgf 
of  its  action  upon  )igl)t,il  would  be  impossible  to  sscerUin 
the  position  of  the  heavenly  bodies,  oc  even  to  determinfr 
the  exact  place  of  very  distant  objects  upon  the  surface  of 
tile  earth  ;  for  in  consequence  of  the  refractive  power 
the  air,  no  distant  object  is  seen  in  its  true  position. 

All  the  celestial  bodies  appear  lo  be  more  elevated  than 
they  really  are ;  because  the  rays  of  light,  instead  of 
moving  through  the  atmosphere  in  straight  lines,  are  con- 
tinually inflected  towards  the  earth.  Light  passing  ob- 
liquely out  of  a  rare  into  a  denser  medium,  as  from  vacuiim 
into  air,  or  from  air  into  water,  is  bent  or  refracted  from 
its  conne  towards  a  perpendicular  to  that  poiut  of  tbe 
denser  surface  where  the  light  enters  it.'  In  the  aaiiK 
medium,  the  sine  of  the  angle  contained  between  the  ind- 
dent  ray  and  the  perpendicular,  is  in  a  constant  ratio  to  the 
sine  of  the  angle  contained  by  the  refracted  ray  aitd  the 
same  perpendicular  ;  but  this  ratio  varies  with  the  refract- 
ing medium.  The  denser  the  medium  the  more  the  n,j 
is  bent.  The  barometer  shows  that  the  density  of  the 
atmosphere  decreases  as  the  height  above  the  earth  in- 
creases.     Direct  experiments   prove   that   the  refractive 
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power  of  the  air  increases  with  its  density.  It  follows 
therefore  that  if  the  temperature  be  uniform^  the  refractive 
power  of  the  air  is  greatest  at  the  earth's  surface  and  di- 
minishes upwards. 

A  ray  of  light  from  a  celestial  object  falling  obliquely  on 
this  variable  atmosphere^  instead  of  being  refracted  at  once 
from  its  course,  is  gradually  more  and  more  bent  during  its 
passage  through  it  so  as  to  move  in  a  vertical  curved  line^ 
in  the  same  manner  as  if  the  atmosphere  consisted  of  an 
infinite  number  of  strata  of  different  densities.  The  object 
is  seen  in  the  direction  of  a  tangent  to  that  part  of  the  curve 
which  meets  the  eye,  consequently  the  apparent  altitude  ^ 
of  the  heavenly  bodies  is  always  greater  than  their  true 
altitude.  Owing  to  this  circumstance,  the  stars  are  seen 
above  the  horizon  after  they  are  set,  and  the  day  is  length. 
ened  from  a  part  of  the  sun  being  visible  though  he  really 
is  behind  the  rotundity  of  the  earth.  It  would  be  easy  to 
determine  the  direction  of  a  ray  of  light  through  the  atmo« 
sphere  if  the  law  of  the  density  were  known ;  but  as  this 
law  is  perpetually  varying  with  the  temperature,  the  case  is 
very  complicated.  When  rays  pass  perpendicularly  from 
one  medium  into  another  they  are  not  bent ;  and  expe- 
rience shows,  that  in  the  same  surface,  though  the  sines  of 
the  angles  of  incidence  and  refraction  retain  the  same  ratio, 
the  refraction  increases  with  the  obliquity  of  incidence.^ 
Hence  it  appears  that  the  refraction  is  greatest  at  the 
horizon,  and  at  the  zenith  there  is  none.  But  it  is  proved 
that  at  all  heights  above  ten  degrees,  refraction  varies  nearly 
as  the  tangent  of  the  angular  distance  of  the  object  from  the 
zmith^  and  wholly  depends  upon  the  heights  of  the  baro- 
meter and  thermometer.  For  the  quantity  of  refraction 
at  the  same  distance  from  the  zenith,  varies  nearly  as  the 
height  of  the  barometer^  the  temperature  being  constant ; 
and  the  effect  of  the  variation  of  temperature  is  to  diminish 

1  Note  185.  2  Note  184. 
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the  qnanUtjxtf  refhtctioii  lijaboat  iti  isMipArtfore^ery 
degree  in  the  liie  of  Falueblieitfe.thenikinieter;  Kbtaittdt 
lelianoe  ran  be  placed  on  eektdftl  obeervfttlonii^  widifaileil 
than  ten  or  twelve  degreet  of  the  horison^  &tL  accknmt  ef 
hmgnUr  Tttrfations  in  the  den^  of  die  adr  new  the  aor- 
fiice  of  the  eardi,  "vddch  ase  aometiniea  tiie  cidfte  of  naej 
aingnlar  phenomena.  ThefamniditfOf  theairptOdnoeano 
aenaiUe  efibct  on  ita  refbustive  power. 

Bodies,  whether  faiminods  or  not,  are  only  TiaSHe  hjAe 

rays  which  proceed  from  ihem.    As  the  raya  mnat  pai^ 

throngh  strata  of  difiRsrent  denrities  in  coming  to  m^  it 

f(^ow8  that  with  the  exception  of  atars  in  the  xenidi,  na 

object  either  in  or  beyond  onr  atmoaphere  ia  aeen  In  M 

tme  place.     Bnt  the  deviation  is  ao  small  in  ordinary  cmm 

4hat  it  causes  no  inccmYenience^  though  in  aatronomtoal  and 

trigonometrical  observations  due  allowance  moat  be  mai$ 

for  the  effects  of  refraction.    Dr.  Bradley's  tahlea  of  zeftae- 

tion  were  formed  by  observing  the  zenith  distances  of  the 

sun  at  his  greatest  declinations^  and  the  zenith  distances  of 

the  pole-star  above  and  below  the  pole.    The  sum  of  these 

four  quantities  is  equal  to  180°^  diminished  by  the  sum  of 

the  four  refractions^  whence  the  sum  of  the  four  refractions 

was  obtained ;  and  from  the  law  of  the  variation  of  reftae- 

tion  determined  by  theory^  he  assigned  the  quantity  doet^ 

each  altitude.^     The  mean  horizontal  refraction  is  about 

S5'  6^  and  at  the  height  of  forty-five  degrees  it  is  5S^^'S6. 

The  effect  of  refraction  upon  the  same  star  above  and  bdow 

the  pole  was  noticed  by  Alhazen^  a  Sdracen  astronomer  of 

Spain,  in  the  ninth  century,  but  its  existence  was  known 

to  Ptolemy  in  the  second^  though  he  was  ignorant  of  iti 

quantity. 

The  refraction  of  a  terrestrial  object  is  estimated  dif- 
ferently from  that  of  a  celestial  body.  It  is  measured  hf 
the  angle  contained  between  the  tangent  to  t^e  cnrvilincil 

1  Note  18& 
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ptth  of  the  ray  where  it  meets  the  eye,  and  the  straight 
line  joining  the  eye  and  the  object,  i  Near  the  earth's  sur- 
fiu»  the  path  of  the  ray  may  be  supposed  to  be  circular ; 
and  Uie  angle  at  the  centre  of  the  earth  corresponding 
fo  this  path  is  called  the  horizontal  angle.  The  quantity 
of  terrestrial  refraction  Is  obtained^  by  measuring  contem- 
poraneously the  elevation  of  the  top  of  a  mountain  above 
a  point  in  the  plain  at  its  base,  and  the  depression  of  that 
point  below  the  top  of  the  mountain.  The  distance 
between  these  two  stations  is  the  chord  of  the  horizontal 
angle ;  and  it  is  easy  to  prove  that  double  the  refraction 
is  equal  to  the  horizontal  angle,  increased  by  the  difference 
between  the  apparent  elevation  and  the  apparent  depres- 
sion. Whence  it  appears  that  in  the  mean  state  of  the 
atmoBphere,  the  refraction  is  about  the  fourteenth  part  of 
the  horizontal  angle. 

Some  very  singular  appearances  occur  from  the  accidental 
expansion  or  condensation  of  the  strata  of  the  atmosphere 
contiguous  to  the  surface  of  the  earth,  by  which  distant 
objects  instead  of  being  elevated  are  depressed.  Some- 
times being  at  once  both  elevated  and  depressed  they 
appear  double,  one  of  the  images  being  direct,  and  the 
other  inverted.  In  consequence  of  the  upper  edges  of  the 
fun  and  moon  being  less  refracted  than  the  lower,  they  often 
appear  to  be  oval  when  near  the  horizon.  The  looming  also 
or  elevation  of  coasts,  mountains,  and  ships,  when  viewed 
across  the  sea,  arises  from  unusual  refraction.  A  friend  of 
the  author's  while  standing  on  the  plains  of  Hindostan, 
•aw  the  whole  upper  chain  of  the  Himalaya  mountains  start 
into  view,  from  a  sudden  change  in  the  density  of  the  air, 
occasioned  by  a  heavy  shower  after  a  very  long  course  of 
dry  and  hot  weather.  Single  and  double  images  of  objects 
at  sea,  arising  from  sudden  changes  of  temperature  which 
are  not  so  soon  communicated  to  the  water  on  account  of 
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its  deDBitf  u  to  the  air,  occur  more  rarely  anil  are  of  shortef 
iluraUan  than  similar  appearances  on  land.  In  IglS^H 
Caplain  Scoresby,  whose  observations  on  the  phenomena  if 
the  polar  Eeas  are  so  valuable,  recogniseii  his  father's  shif 
by  its  iiiTeried  image  in  the  air,  although  the  vessel  its^ 
'  the  horizon.  He  afterwards  found  that  she  iru 
milea  beyond  the  horizon,  ami  thirty  miles  dis- 
tant. Two  images  are  somedmes  seen  suspended  in  the  ais 
over  a  ship,  one  diiect  and  the  other  inTerled,  with  tbde 
topmasts  or  their  hulls  meeting,  according  as  the  inverted' 
image  is  above  or  below  the  direct  image.'  Dr.  Wollastcn, 
has  proved  (list  these  appearances  are  owing  lo  the  refnft. 
tion  of  the  rays  through  media  of  different  densities,  by  tha 
very  simple  experiment  of  looking  along  a  red-hot  poker  at 
a  distant  object.  Two  images  are  seen,  one  direct  and  i 
another  inverted,  in  consequence  of  the  change  induced  hf. 
the  heat  in  the  density  of  the  adjacent  air.  He  produced 
the  same  effect  by  a  valine  or  Eaccharine  solution  with  water 
and  spirit  of  wipe  floating  upon  it.* 

Many  of  tfae  phenotnena  that  have  been  ascribed  to  ex- 
traordinary refraction  leem  to  be  occauoned  by  a  partitl  at 
total  reflection  of  the  rays  of  light  at  the  surfacea  of  ttnla 
of  different  densities.*  It  is  well  known  that  when  lig^ 
falls  obliquely  upon  the  external  surface  of  a  tranapwttf 
medium,  as  on  a  plate  of  glass  or  stratum  of  air,  one  p<»< 
tion  ia  reflected  and  the  Other  transmitted.  But  wba 
light  falls  very  obliquely  upon  the  internal  surface,  Ae 
whole  IB  reflected  and  not  a  ray  is  transmitted.  Id  all 
cases  the  angles  made  by  the  incident  and  reflected  n^ 
with  a  perpendicular  to  the  surface  being  equal,  aa  tlw 
brightness  of  the  reflected  image  depends  on  the  qnantitf 
of  light,  those  arising  from  total  reflection  must  be  by  f^ 
the  most  vivid.  The  delusive  appearance  of  water,  bo  weB 
known  to  A&ican  travellers  and  to  the  Arab  of  the  desert 
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«8  the  Lake  of  the  Gazelles^  is  ascribed  to  the  reflection 
which  takes  place  between  strata  of  air  of  different  densi- 
ties^ owing  to  radiation  of  heat  from  the  arid  sandy  plains. 
The  mirage  described  by  Captain  Mundy  in  his  Journal 
of  a  Tour  in  India  probably  arises  from  this  cause.  '^  A 
deep  precipitous  valley  below  us,  at  the  bottom  of  which  I 
had  seen  one  or  two  miserable  villages  in  the  morning,  bore 
in  the  evening  a  complete  resemblance  to  a  beautiful  lake ; 
the  vapour  which  played  the  part  of  water,  ascending 
nearly  half  way  up  the  sides  of  the  vale,  and  on  its  bright 
surface  trees  and.  rocks  being  distinctly  reflected.  I  had 
not  been  long  contemplating  this  phenomenon,  before  a 
sudden  storm  came  on  and  dropped  a  curtain  of  clouds  over 
the  scene." 

An  occurrence  which  happened  on  the  18th  of  No- 
vember, 1804,  was  probably  produced  by  reflection.  Dr. 
Buchan,  while  watching  the  rising  sun  from  the  clifl*  about 
a  mile  to  the  east  of  Brighton,  at  the  instant  the  solar  disc 
emerged  from  the  surface  of  the  ocean,  saw  the  cliff  on 
which  he  was  standing,  a  windmill,  his  own  figure  and 
that  of  a  friend,  depicted  immediately  opposite  to  him  on 
the  sea.  This  appearance  lasted  about  ten  minutes,  till* 
the  sun  had  risen  nearly  his  own  diameter  above  the  sur- 
face of  the  waves.  The  whole  then  seemed  to  be  elevated 
into  the  air  and  successively  vanished.  The  rays  of  the 
sun  fell  upon  the  cliff  at  an  incidence  of  73°  from  the 
perpendicular,  and  the  sea  was  covered  with  a  dense  fog 
many  yards  in  height  which  gradually  receded  before  the 
rising  sun.  When  extraordinary  refraction  takes  place 
lateraUy,  the  strata  of  variable  density  are  perpendicular 
to  the  horizon,  and  if  combined  with  vertical  refraction, 
the  objects  are  magnified  as  when  seen  through  a  tele- 
scope. From  this  cause,  on  the  26th  of  July,  1798,  the 
cliffs  of  France  fifty  miles  off,  were  seen  as  distinctly 
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from  Hastings  as  it  the;  had  been  close  at  hand ;  and  even 
Dieppe  niLB  said  to  have  been  visihle  in  the  afternoon, 
rbe  stratum  of  air  in  the  tiorizon  is  so  much  thicker 
I  more  dense  than  the  stratum  in  the  vertical,  that  the 
I's  light  is  diminished  1300  times  in  passing  througll 
which  enables  us  to  look  at  him  when  setting  without 
being  dazzled.  The  loss  of  h  and  onseiju  utiy  of  heat 
by  the  absorbing  power  of  th     am    ph  ncreasea  wilk 

the  obliquity  of  incidence.  O  n  usand  rajs  falling 
Cs  surface,  S1S3  arrive  a  a  g  n  po  of  the  earib  if 
they  fall  perpendicularly  ;     0  4  ar  f  the  angle  t£ 

direction  be  fifty  degrees;  23'i  f  be  seven  degreetj, 
and  only  flve  rays  will  arrive  through  a  horizontal  Gtratum.. 
Since  so  great  a  quantity  of  light  is  lost  in  passing  tbrough, 
the  atmosphere,  many  celestial  olgects  may  be  altogBlh* 
invisible  from  the  plain,  which  may  be  seen  from  elevaujb 
ations.  Diminished  splendour,  and  the  false  esIimaM 
we  make  of  diitance  from  the  number  of  intervening  ob- 
jects, lead  us  to  suppose  the  sun  and  moon  to  be  much 
larger  when  in  tile  horizon  than  at  any  other  altitude, 
though  their  apparent  diameters  are  then  somewhat  Ifn. 
Instead  of  the  sudden  transitionE  of  light  and  dorioiai, 
the  reflective  power  of  the  air  adorns  nature  with  the  Itttf 
and  golden  hues  of  the  Aurora  and  twilight.  Even  wbs 
the  sun  is  eighteen  degrees  below  the  horizon,  «  lufficiait 
portion  of  light  remains  to  show,  that  at  the  height  af 
thirty  miles  it  is  still  dense  enough  to  reflect  light.  The 
atmosphere  scatters  the  sun's  rays,  and  gives  all  thit  bcM- 
tiful  tints  and  cheerfulness  of  day.  It  bansmiti  the  Um 
light  in  greatest  abundance ;  the  higher  we  ascend,  the 
sky  asaumes  a  deeper  hue ;  but  in  the  expanse  of  tpatt, 
the  sun  and  stars  must  appear  like  brilliant  specks  in  pro- 
found blackness. 
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COVSTirUTION    OF    LIGHT   ACCORDING   TO    SIR  ISAAC    NEWTON.  AB- 
SORPTION   OF   LIGHT.  — -  COLOURS   OF   BODIES.  -—  CONSTITUTION   OF 

LIGHT    ACCORDING    TO    SIR    DAVID    BREWSTER.  FRAUNHOFER*S 

DARK    LINES. DISPERSION   OF   LIGHT. THE  ACHROMATIC  TELE- 
SCOPE.   HOMOGENEOUS      LIGHT.  >—  ACCIDENTAL     AND      COMPLE- 

MSMTART    COLOURS.  —  M.  FLATEAU*S   EXPERIMENTS   AND    THEORY 
OF  ACCIDENTAL  COLOURS. 


It  is  impoBsible  thus  to  trace  the  path  of  a  sunheam  through 
our  atmosphere  without  feeling  a  desire  to  know  its  nature^ 
by  what  power  it  traverses  the  immensity  of  space^  and  the 
various  modifications  it  undergoes  at  the  surfaces  and  in 
the  interior  of  terrestrial  substances. 

Sir  Isaac  Newton  proved  the  compound  nature  of  white 
light  as  emitted  from  the  sun^  by  passing  a  sunbeam  through 
a  glass  prism  If  which  separating  the  rays  by  refraction^ 
formed  a  spectrum  or  oblong  image  of  the  sun^  consisting 
of  seven  colours^  red,  orange,  yellow,  green,  blue,  indigo, 
and  violet ;  of  which  the  red  is  the  least  refrangible  and 
the  violet  the  most.  But  when  he  re-united  these  seven 
lays  by  means  of  a  lens,  the  compound  beam  became  pure 
white  as  before.  He  insulated  each  coloured  ray;  and 
finding  that  it  was  no  longer  capable  of  decomposition  by 
refraction,  concluded  that  white  light  consists  of  seven 
kinds  of  homogeneous  light,  and  that  to  the  same  colour 
the  same  refrangibility  ever  belongs,  and  to  the  same  re- 
frangibility  the  same  colour.  Since  the  discovery  of 
absorbent  media,  however,  it  appears  that  this  is  not  the 
constitution  of  the  solar  spectrum. 
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We  know  of  no  substance  that  is  eilher  perfecll;  opaque 
perfectly  transparent.  Even  gold  may  be  beaten  w 
thin  as  to  be  pervious  to  light.  On  the  contrary,  the 
eleaiest  crystal,  the  purest  air  or  water,  stnps  or  absorbs 
its  rays  when  transmitted,  and  gradually  extinguishes  them 
as  they  penetrate  to  greater  depths.  On  this  acco 
objects  cannot  be  seen  at  the  bottom  of  very  deep  vra 
and  many  more  etars  are  visible  to  the  naked  eye  from  lh« 
topa  of  mountains  than  from  the  valleys.  The  quantity  of 
light  that  is  incident  on  any  transparent  subitance  is  always 
greater  than  the  sum  of  the  reflected  and  refracted  n 
A  small  quantity  la  irregularly  reflected  in  all  directioiu 
by  the  imperfections  of  the  polish  by  which  we  are  enal 
to  see  the  surface ;  but  a  much  greater  portion  is  abaorbed 
by  the  body.  Bodies  that  leflect  all  the  rays  appear  white, 
^ose  that  absorb  them  all  seem  black ;  but  most  substances, 
after  decomposing  the  white  light  which  falls  upon  them, 
reflect  some  colours  and  absorb  the  rest.  A  violet  reflects 
the  violet  rays  alone  and  absorbs  the  others.  Scarlet  dodi 
absorbs  almost  all  the  colours  except  red.  YeUow  clod 
reflects  the  yellow  rays  most  abundantly,  and  blue  clott 
those  that  ore  blue.  Consequently  colour  is  not  a  property 
of  matter,  but  arises  from  the  acUon  of  matter  upon  hf^ 
Thus  a  white  riband  reflects  aU  the  rays,  but  wbeD  dyed 
ted  the  particles  of  the  silk  acquire  the  property  of  refiect- 
ing  the  red  rays  most  abundantly  and  of  absorbing  the 
Others.  Upon  this  property  of  unequal  absorption,  the 
colours  of  transparent  media  depend.  For  they  also  recflTe 
their  colour  from  their  power  of  stopping  or  abMrbingnoK 
of  the  colours  of  white  light  and  transmitting  others.  Ai 
for  example,  black  and  red  inks,  though  equally  honiiH 
geneoiu,  absorb  different  kinds  of  rays  ;  and  ivhen  expoted 
to  the  sun,  they  become  heated  in  different  degrees ;  irtlfk 
pure  water  seems  to  transmit  all  rays  equally,  and  is  not 
sensibly  heated  by  the  passing  light  of  the  auD.      Tlw  ridi 
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irk  light  transmitted  fay  a  smalt^-blue  finger-glass  is  not  a 
omogeneous  colour  like  the  blue  or  indigo  of  the  spectrum^ 
at  is  a  mixture  of  all  the  colours  of  white  light  which 
be  glass  has  not  absorbed.  The  colours  absorbed  are  such 
i  mixed  with  the  blue  tint  would  form  white  light 
rhen  the  spectrum  of  seven  colours  is  viewed  through  a 
lin  plate  of  this  glass  they  are  all  visible  ;  and  when  the 
late  is  very  thick,  every  colour  is  absorbed  between  the 
Ktreme  red  and  the  extreme  violet^  the  interval  being  per- 
>ctly  black :  but  if  the  spectrum  be  viewed  through  a 
ertain  thickness  of  the  glass  intermediate  between  the  two^ 
t  wiU  be  found  that  the  middle  of  the  red  space^  the  whole 
f  the  orange,  a  great  part  of  the  green^  a  considerable 
•art  of  the  blue,  a  little  of  the  indigo,  and  a  very  little  of 
lie  violet  vanish,  being  absorbed  by  the  blue  glass ;  and 
lat  the  yellow  rays  occupy  a  larger  space^  covering  part 
f  that  formerly  occupied  by  the  orange  on  one  side,  and 
y  the  green  on  the  other.  So  that  the  blue  glass  absorbs 
lie  red  light,  which  when  mixed  with  the  yellow  con- 
dtutes  orange ;  and  also  absorbs  the  blue  light,  which 
rhen  mixed  with  the  yellow  forms  the  part  of  the  green 
pace  next  to  the  yellow.  Hence  by  absorption^  green 
ight  is  decomposed  into  yellow  and  blue,  and  orange  light 
Qto  yellow  and  red.  Consequently  the  orange  and  green 
ays,  though  incapable  of  decomposition  by  refraction,  can 
e  resolved  by  absorption,  and  actually  consist  of  two 
ifierent  colours  possessing  the  same  degree  of  refrangibility* 
Hfference  of  colour,  therefore,  is  not  a  test  of  difference 
f  refrangibility,  and  the  conclusion  deduced  by  Newton 
I  no  longer  admissible  as  a  general  truth.  By  this  ana- 
jTsis  of  the  spectrum,  not  only  with  blue  glass  but  with  a 
ariety  of  coloured  media.  Sir  David  Brewster,  so  justly 
debrated  for  his  optical  discoveries,  has  proved  that  the 
olar  spectrum  consists  of  three  primary  colours,  red, 
ellow,  and  blue,  each   of  which   exists  throughout  its 
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vhole  exl«nt,  but  witli  different  degrees  of  iDlen^ty  is 
parts ;  and  that  tlie  superposition  of  these  throe 
produces  all  the  seven  hues  according  as  each.  priinBry 
colour  is  an  excess  or  defecL  Since  a  certain  portion  of 
red,  yellow,  and  blue  rays  constitute  wliite  light,  the  colour 
of  any  point  of  the  Bpectrum  may  be  considered  as  consist- 
ing of  the  predominating  colour  at  that  point  mixed  with 
white  light.  Consequently,  by  absorbing  the  excess  of 
any  colour  at  any  point  of  the  spectrum  above  what  if 
necessary  to  form  while  light,  such  white  light  will  appear 
at  that  point  as  never  mortal  eye  looked  upon  before  this 
experiment,  since  it  possesses  the  remarkable  property  of 
remaining  the  Esme  after  any  number  of  refractions,  and 
of  being  capable  of  decomposition  by  absorption  alone. 

Wheti  the  prism  is  very  perfect  and  the  sunbeam  imall, 
BO  that  the  spectrum  may  be  received  on  a  sheet  of  white 
paper  in  its  utmost  state  of  purity,  it  presents  the  appear- 
ance of  a  riband  shaded  with  all  the  prismatic  colours, 
having  its  breadth  irregularly  striped  or  subdivided  by  an 
indefinite  number  of  dark,  and  sometimes  black,  linef. 
The  greater  number  of  these  rayless  lines  are  so  extremelf 
narrow  that  it  is  impossible  to  see  them  in  ordinary  cir- 
cumstances. The  best  method  is  to  receive  the  spectmn 
on  the  olgect  glass  of  a  telescope,  so  as  to  magnify  them 
Bufficiently  to  render  them  visible.  This  experiment  nuty 
also  be  made,  but  in  an  imperfect  manner,  by  viewing  a 
narrow  sht  between  two  nearly  closed  window-shutten 
through  a  very  excellent  glass  prism  held  close  to  the  tjt, 
with  its  refracting  angle  parallel  to  the  line  of  light 
When  the  spectrum  is  formed  by  the  aun's  rayi,  dther 
direct  or  indirect  —  as  from  the  sky,  clouds,  rainbow, 
moon,  or  planets  —  the  black  hands  are  always  found  ti 
be  in  the  same  parts  of  the  spectrum,  and  under  all  cixeuB- 
atancea  to  maintain  the  same  relative  positions,  breadA^ 
and  intensities.     Similar  datk  lines  are  alio  teea  la  A| 
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light  of  the  stars^  in  the  electric  lights  and  in  the  flame  of 
eombustihle  substances^  though  differently  arranged^  each 
star  and  each  flame  having  a  system  of  dark  lines  peculiar 
to  itself^  which  remains  the  same  under*  every  circum- 
stance. Dr.  Wollaston  and  M.Fraunhofer  of  Munich  dis- 
covered these  lines  deficient  of  rays  independently  of  each 
other.  M.  Fraunhofer  found  that  their  number  extends  to 
nearly  six  hundred.  There  are  bright  lines  in  the  solar 
spectrum  v^hich  also  maintain  a  fixed  position.  Among 
the  dark  lines  M.  Fraunhofer  selected  seven  of  the  most 
remarkable^  and  determined  their  distances  so  accurately^ 
that  they  now  form  standard  and  invariable  points  of  refer- 
ence for  measuring  the  refractive  powers  of  different  media 
on  the  rays  of  lights  which  renders  this  department  of 
optics  as  exact  as  any  of  the  physical  sciences.  These 
lines  are  designated  by  the  letters  of  the  alphabet^  begin- 
ning with  B^  which  is  in  the  red  near  the  end  of  the 
spectrum ;  c  is  fartlier  advanced  in  the  red  ;  d  is  in  the 
orange  ;  e,  in  the  green ;  f,  in  the  blue ;  g,  in  the  indigo  ; 
and  H,  in  the  violet.  By  means  of  these  fixed  points^ 
M.  Fraunhofer  has  ascertained  from  prismatic  observation^ 
the  refrangibility  of  seven  of  the  principal  rays  in  each  of 
ten  different  substances  solid  and  liquid.  The  refraction 
Increased  in  all  from  the  red  to  the  violet  end  of  the 
spectrum;  but  so  irregularly  for  each  ray  and  in  each 
medium^  that  no  law  could  be  discovered.  The  rays  that 
are  wanting  in  the  solar  spectrum  which  occasion  the  dark 
lines,  were  supposed  to  be  absorbed  by  the  atmosphere  of 
the  sun.  If  they  were  absorbed  by  the  earth's  atmosphere, 
the  very  same  rays  would  be  wanting  in  the  spectra  from 
the  light  of  the  fixed  stars,  which  is  not  the  case ;  for  it 
has  already  been  stated  that  the  position  of  the  dark  lines 
is  AiOt  the  same  in  spectra  from  starlight  and  from  the  light 
of  the  sun.  The  solar  rays  refiected  from  the  moon  and 
planets  would  most  likely  be  modified  also  by  their  at-« 


iDOBpheres,  hut  they  are  not;  for  the  dark  lines  have  pre- 
ciBely  the  same  positiotiB  ia  the  spectra,  from  Uie  direct 
and  reflected  tight  of  the  eun.  But  the  annular  edip«e 
which  happened  on  the  15th  of  May,  I83f),  afforded  Pro- 
{eeaor  Forbes  the  means  of  proving  that  the  dark  lines  in 
iioestion  cannot  be  attributed  to  the  absorption  of  the  solat 
atmosphere ;  they  were  neither  broader  nor  more  numeroiii 
in  the  spectrum  farmed  during  that  phenomenon  than  it 
any  other  time,  though  the  rays  came  only  from  the  cir- 
cumference  of  the  sun's  disc,  and  consequently  had  to 
traverse  a  greater  depth  of  his  atmosphere.  We  are  there- 
fore Etili  ignorant  of  the  cause  of  these  rayless  bands. 

A  sunbeam  received  on  a  screen,  after  passiDg  throngh 
a  small  round  hole  in  a  window-shutter,  appears  like  a 
round  n'hite  apot ;  but  when  a  prism  is  interposed,  tlw 
beam  no  longer  ocoupiea  the  ^ame  epace.  It  is  separated 
into  the  priamatic  colours,  and  spread  over  a  line  oF  con- 
siderable  jengthj  while  its  breadth  remains  the  tame  with 
that  of  the  white  spot.  The  act  of  spreading  or  separation 
ia  called  the  dispersion  of  the  coloured  rays.  Disperaion 
always  takes  place  in  the  plane  of  refraction,  and  is  greater 
at  the  angle  of  incidence  is  greater.  It  varies  inversely  a* 
the  length  of  a  wave  of  Ught,  and  directly  as  it«  velodty ; 
hence  towards  the  blue  end  of  the  spectrum,  where  the  un- 
dulations of  the  rays  are  least,  the  dispersion  is  gretteft 
Substances  have  very  different  dispersive  powers  ;  that  i) 
to  say,  the  spectra  formed  by  two  equal  prisms  of  difierent 
■ubatances  under  precisely  the  same  circumatancei,  are  of 
different  lengths.  Thus,  if  a  prism  of  flint  glass  and  one 
of  crown  glass  of  equal -refracting  angles,  be  presented  to 
two  rays  of  white  light  at  equal  angles,  it  will  be  found, 
that  the  space  over  which  the  coloured  rays  are  disperwd 
by  the  flint  glass  is  much  greater  than  the  space  Dccofutd 
by  that  produced  by  the  crown  glass ;  and  as  the  quantity 
of  ditperdon  depends  uipon  iV  Tefru^Tt^  w>^  iA  <^ 
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prism^  the  angles  of  the  two  prisms  may  be  made  such^ 
that  when  the  prisms  are  placed  close  together  with  their 
edges  turned  opposite  ways^  they  will  exactly  oppose  ead^ 
other's  action,  and  will  refract  the  coloured  rays  equally 
but  in  contrary  directionsj,  so  that  an  exact  compensatioi^ 
will  be  effected^  and  the  light  will  be  refracted  without 
colour.^  The  achromatic  telescope  is  constructed  on  this 
principle.  It  consists  of  a  tube  with  an  object-glass  oi; 
lens  at  one  end  to  bring  the  rays  to  a  focus  and  form  sa\ 
image  of  the  distant  object,  and  a  magnifying  glass  at  the; 
other  end  to  view  the  image  thus  formed.  Now  it  i» 
found  that  the  object-glass^  instead  of  making  the  rays  con- 
Terge  to  one  pointy  disperses  them^  and  gives  a  confused 
and  coloured  image :  but  by  constructing  it  of  two  lenses 
in  contact,  one  of  flint  and  the  other  of  crown  glass  of 
certain  forms  and  proportions,  the  dispersion  is  coun- 
teracted, and  a  perfectly  well-defined  and  colourless  image 
of  the  object  is  foimed.^  It  was  thought  to  be  impossible 
to  produce  refraction  without  colour,  till  Mr.  Hall,  a  gen- 
tleman of  Worcestershire,  constructed  a  telescope  on  this 
principle  in  the  year  1733;  and  twenty-five  years  after- 
wards, the  achromatic  telescope  was  brought  to  perfection 
by  Mr.  Dollond,  a  celebrated  optician  in  London. 

A  perfectly  homogeneous  colour  is  very  rarely  to  be 
found,  but  the  tints  of  all  substances  are  most  brilliant 
when  viewed  in  light  of  their  own  colour.  The  red  of  a 
wafer  is  much  more  vivid  in  red  than  in  white  light; 
whereas  if  placed  in  homogeneous  yellow  light,  it  can  no 
longer  appear  red,  because  there  is  not  a  ray  of  red  in  the 
yellow  light.  Were  it  not  that  the  wafer,  like  all  other 
bodies,  whether  coloured  or  not,  reflects  white  light  at  its 
outer  surface,  it  would  appear  absolutely  black  when  placed 
in  yellow  light. 

After  looking  steadily  for  a  short  time  at  a  colo\u^d  q\>- 
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ject,  such  BE  a  red  wafer,  on  turning  the  eyes  to  a  whiia  I 
snbEtance,  a  green  image  of  the  wafer  appears,  which  U 
called  the  accidental  colour  of  red.  All  tints  have  (hdl 
accidental  colours :  —  thus  the  accidental  colour  of  orange 
is  blue;  that  of  yellow  is  indigo;  of  gtcen,  reddish- white  j 
of  blue,  orange-red ;  of  violet,  yellow ;  and  of  whiMj 
black ;  and  viix  ver«d.  When  the  direct  and  accidental 
colours  are  of  the  same  iniensity,  the  accidental  ii 
called  the  complementary  colour,  because  any  two  roluun 
are  said  to  be  complementary  to  one  another  which  product 
white  when  combined. 

Frotn  recent  esjierimentf  by  M.  Plateau  of  Brussels,  it 
appears  that  two  complementary  colours  from  direct  im* 
preaaion,  which  would  produce  white  when  combined,  pro- 
duce bkcic,  or  extinguish  one  another  by  their  union  j 
when  accidental ;  and  also  that  the  conibinatioa  of  all  tlw  I 
tints  of  the  solar  spectrum  produces  white  light  if  they  be 
from  a,  direct  impression  on  the  eye,  whereas  blacknesi 
results  from  a  union  of  the  same  tints  if  they  be  accidental; 
and  in  every  case  where  the  real  colours  produce  while 
by  their  combination,  the  accidental  colours  of  the  same 
tints  produce  bbck.  When  the  image  of  an  object  ii 
impressed  on  the  retina  only  for  a  few  moments,  the 
picture  left  u  exactly  of  the  same  colour  with  the  otyect, 
but  in  an  extremely  short  time  the  picture  is  succeeded  by 
the  accidental  imi^.  M.  Plateau  attributes  thb  pheno- 
menon to  a  re-action  of  the  retina  after  being  excited  b; 
direct  Tision,  so  that  the  accidental  impression  ia  of  u 
opposite  nature  to  the  corresponding  direct  impreauon. 
He  conceives,  that  when  the  eye  is  excited  by  being  fixed 
for  a  time  on  a  coloured  object,  and  then  withdrawn  bom 
the  excitement,  that  it  endeavours  to  return  to  its  state  of 
repose,  but  in  so  doing  that  it  passes  this  point  and  ipoB' 
taaeoady  utumea  an  opposite  condition,  like  a  spiiog 
ir&id^  beat  ia  «m  diRctvHi«i:(L  nwxtaA%  v>  ^jk  ttate  of 
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rest  bends  as  much  the  contrary  way.  The  accidental 
image  thus  results  from  a  particular  modification  of  the 
oigan  of  sights  in  virtue  of  which  it  spontaneously  gives  us 
a  new  sensation  after  it  has  been  excited  by  direct  vision. 
If  the  prevailing  impression  be  a  very  strong  white  lights 
its  accidental  image  is  not  blacky  but  a  variety  of  colours 
in  succession.  According  to  M.  Plateau^  the  retina  offers 
a  resistance  to  the  action  of  hght^  which  increases  with 
the  duration  of  this  action  ;  whence  after  looking  intently 
at  an  object  for  a  long  time  it  appears  to  decrease  in 
brilliancy.  The  imagination  has  a  powerful  influence 
on  our  optical  impressions^  and  has  been  known  to  revive 
the  images  of  highly  luminous  objects  months^  and  even 
years^  afterwards. 
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NiiWTOM  and  moEt  of  hia  immediBte  successors  imagitied 
light  to  be  a  maieriat  subatatice,  emitted  by  all  Eelf-lumli 
bodies  in  extremely  minute  particles,  moving  in  straight 
lines  with  prodigious  velocity,  which,  by  impinging  upoq 
the  optic  nerves,  produce  the  EensRlion  of  light.  Many  of 
the  observed  phenomena  have  been  explained  by  this  theory; 
it  is,  however,  totally  inadequate  to  acMunt  for  the  folloir- 
ing  circumstances. 

When  two  equal  rays  of  red  light,  proceeding  from  tM> 
luminotis  points,  fall  upon  a  sheet  of  white  paper  in  a  daifc 
loom,  they  produce  a  red  spot  on  it,  which  will  be  twice 
as  bright  as  either  ray  would  produce  singly,  provided 
the  difference  in  the  lengths  of  the  two  beams,  from  the 
luminous  points  to  the  red  spot  on  the  paper,  be  eiutlf 
the  0'O000S5Stfa  part  of  an  inch.  The  same  effect  will 
t«ke  place  if  the  difference  in  the  lengths  be  twice,  thiee 
times,  four  times,  &c.  that  quantity.  But  if  the  difference 
in  the  lengths  of  the  two  rays  be  equal  to  one  half  of  the 
00000258th  part  of  an  inch,  or  to  its  I^,  SJ,  Sj,  &e. 
part,  the  one  light  will  entirely  extinguish  the  other,  aad 
will  produce  absolute  darkness  on  the  paper  where  the 
united  beams  fall.  If  the  difference  in  the  lengths  of  tbeir 
paths  be  eqntl  to  the  1^,  •i.\,  3\,  &«.  «C  tke  0-0000258lh 
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of  an  inch,  the  red  spot  arising  from  the  combined 
as  will  be  of  the  same  intensity  which  one  alone  would 
uce.  If  violet  light  be  employed,  the  difference  in  the 
ths  of  the  two  beams  must  be  equal  to  the  0*00001 57th 
of  an  inch,  in  order  to  produce  the  same  phenomena; 
for  the  other  colours,  the  difference  must  be  interme- 
5  between  the  00000258th  and  the  0-0000157th  part 
.n  inch.  Similar  phenomena  may  be  seen  by  viewing 
flame  of  a  candle  through  two  very  fine  slits  in  a  card 
emely  near  to  one  another  ^ ;  or  by  admitting  the  sun's 
t  into  a  dark  room  through  a  pin-hole  about  the  fortieth 
m  inch  in  diameter,  receiving  the  image  on  a  sheet  of 
te  paper,  and  holding  a  slender  wire  in  the  light.  Its 
low  will  be  found  to  consist  of  a  bright  white  bar  or  stripe 
be  middle,  with  a  series  of  alternate  black  and  brightly 
ored  stripes  on  each  side.  The  rays  which  bend  round 
wire  in  two  streams  are  of  equal  lengths  in  the  middle 
ye;  it  is  consequently  doubly  bright  from  their  com- 
id  effect ;  but  the  rays  which  fall  on  the  paper  on  each 
of  the  bright  stripe,  being  of  such  unequal  lengths  as 
lestroy  one  another,  form  black  lines.  On  each  side  of 
ie  black  lines  the  rays  are  again  of  such  lengths  as  to 
bine  to  form  bright  stripes,  and  so  on  alternately,  till 
light  is  too  faint  to  be  visible.  When  any  homogeneous 
t  is  used,  such  as  red^  the  alternations  are  only  black 
red ;  but  on  account  of  the  heterogeneous  nature  of 
te  light,  the  black  lines  alternate  with  vivid  stripes  or 
ges  of  prismatic  colours,  arising  from  the  superposition 
ystems  of  alternate  black  lines  and  lines  of  each  homo- 
>ous  colour.  That  the  alternation  of  black  lines  and 
ured  fringes  actually  does  arise  from  the  mixture  of 
two  streams  of  light  which  flow  round  the  wire,  is 
red  by  their  vanishing  the  instant  one  of  the  streams  is 
mipted.     It  may  therefore  be  concluded,  a&  oi\£tv  «j& 
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these  stripes  of  light  and  darkness  occur^  that  they  are 
owing  to  the  rays  comlnning  at  certain  intervals  to  produce 
a  joint  efiect^  and  at  others  to  extinguish  one  another. 
Now  it  is  contrary  to  aU  our  ideas  of  matter  to  suppose 
that  two  particles  of  it  should  annihilate  one  another  under 
any  circumstances  whatever ;  while  on  the  contrary,  twt 
opposing  motions  may,  and  it  is  impossihle  not  to  he  struck 
with  the  perfect  similarity  hetween  the  interferences  oC 
small  undulations  of  air  or  of  water  and  the  preceding  phe- 
nomena.    The  analogy  is  indeed  so  perfect,  that  philoso- 
phers of  the  highest  authority  concur  in  the  suppositioii 
that  the  celestial  regions  are  filled  with  an  extremely  rare, 
imponderable,  and  highly  elastic  medium  or  ether,  whost 
particles  are  capable  of  receiving  the  vibrations  communi- 
cated to  them  by  self-luminous  bodies,  and  of  trannnitting 
them  to  the  optic  nerves,  so  as  to  produce  the  sensation  of 
light.     The  acceleration  in  the  mean  motion  of  £neke*i 
comet,  as  well  as  of  the  comet  discovered  by  M.  Biela, 
renders  the  existence  of  such  a  medium  almost  certain.    It 
is  clear  that  in  this  hypothesis,  the  alternate  stripes  of 
light  and  darkness  are  entirely  the  effect  of  the  interference 
of  the  undulations ;  for  by  actual  measurement,  the  length 
of  a  wave  of  the  mean  red  rays  of  the  solar  spectrum  is 
equal  to  the  0*0000258th  part  of  an  inch ;  consequently, 
when  the  elevation  of  the  waves  combine,  they  produce 
double  the  intensity  of  light  that  each  would  do  singly ; 
and  when  half  a  wave  combines  with  a  whole,  —  that  is, 
when  the  hollow  of  one  wave  is  filled  up  by  the  elevatioo 
of  another,  darkness  is  the  result.     At  intermediate  points 
between  these  extremes,  the  intensity  of  the  light  corre- 
sponds to  intermediate  differences  in   the  lengths  of  the 
rays. 

The  theory  of  interferences  is  a  particular  case  of  the 
general  mechanical  law  of  the  superposition  of  small  mo* 
tions  ;  whence  it  appeals  \!ti«X  \)cift  ^\^\xa\i^\!Lt^  ^t  ^  particle 
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«f  on  elastic  medium,  produced  by  two  co-existent  undula- 
tions^ is  ihe  sum  of  the  disturbances  which  each  imduktion 
woald  produce  separately ;  consequently^  the  particle  will 
nwve  in  the  diagonal  of  a  parallelogram^  whose  sides  are 
Ae  two  undulations.  If,  therefore^  the  two  undulations 
agiree  in  direction^  or  nearly  so,  the  resulting  motion  wiQ 
be  very  nearly  equal  to  their  sum,  and  in  the  same  diree- 
tion:  if  they  nearly  oppose  one  another,  the  resulting  motion 
wOl  be  nearly  equal  to  their  difference ;  and  if  the  undula- 
tions be  equal  and  opposite,  the  resultant  will  be  zero,  and 
the  particle  will  remain  at  rest. 

The  preceding  experiments,  and  the  inferaices  deduced 
firom  them,  which  have  led  to  the  establishment  of  the  doc- 
trine of  the  imdulations  of  light,  are  the  most  splendid 
memorials  of  our  illustrious  countryman.  Dr.  Thomas 
Young,  though  Huygens  was  the  first  to  originate  the 
idea. 

It  is  supposed  that  the  particles  of  luminous  bodies  are 
la  a  state  of  perpetual  agitation,  and  that  they  possess  the 
property  of  exciting  regular  vibrations  in  the  ethereal 
medium,  conresponding  to  the  vibrations  of  their  own 
mcdecuks :  and  that,  on  account  of  its  elastic  nature,  one 
particle  of  the  ether  when  set  in  motion,  communicates  its 
vibrations  to  those  adjacent,  which  in  succession  transmit 
them  to  those  farther  off;  so  that  the  primitive  impulse  is 
transferred  from  particle  to  particle,  and  the  undulating 
ffioticm  darts  through  ether  like  a  wave  in  water.  Although 
the  progressive  motion  of  light  is  known  by  experience  to 
be  uniform  and  in  a  straight  line,  the  vibrations  of  the 
particles  are  always  at  right  angles  to  the  direction  of  the 
ray.  The  propagation  of  light  is  like  the  spreading  of 
waves  in  water ;  but  if  one  ray  alone  be  considered,  its 
motion  may  be  conceived  by  supposing  a  rope  of  indefinite 
length  atretdbed  horizontally,  one  end  of  whiclh  \^  Yl^^  yew 
the  hand.     If  it  be  agitated  to  and  fro  at  xegulat  \ii\ftTN^%, 
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with  a  motioD  perpendicolu-  to  its  length,  a  series  of  aitniliT 
and  equal  tremors  or  waves  will  be  propagated  aloDg  it; 
and  if  the  regular  impulse*  be  given  in  a  variety  of  plana, 
as  up  and  down,  from  riglit  to  left,  and  also  in  oblique  dU 
recdons,  the  surcessive  undulations  will  take  place  in  cveif 
possible  plane.  An  analogous  motion  in  the  ether,  wha 
communicated  to  the  optic  nerves,  would  produce  the  sen. 
satioa  of  common  light.  It  ia  evident  that  the  wava 
which  flaw  from  end  to  end  of  the  cord  in  a  serpentiH 
form,  are  altogether  difierent  from  the  perpendicnlar  sibn- 
tory  motion  of  each  parliclp  of  the  rope,  which  never  Je- 
viates  far  from  a  slate  of  rest.  So  in  ether,  each  pultdt 
vibrates  perpendicttiarly  to  the  direction  of  the  ray ;  bnl 
these  vibrations  are  totally  different  from,  and  independeul 
of,  the  undulations  which  are  transmitted  through  il,iB 
the  same  inanner  as  the  vibrations  of  each  particular 
com  are  independent  of  the  waves  that  rush  from  ■ 
end  of  a  harvest  tield  when  agitated  by  the  wind. 

The  intensity  of  light  depends  upun  die  amplitude  * 
extent  of  the  vibrations  of  the  particles  of  ether ;  while  ill 
colour  depends  upon  their  frequency.  The  time  of  Al 
vibration  of  a  particle  of  ether  is  by  theory,  as  the  lengA 
of  a  wave  directly,  and  inversely  as  its  velocity.  Now,  ■ 
the  velocity  of  light  is  known  to  be  193,000  milei  ii  a 
second,  if  the  lengths  of  the  waves  of  the  difierent  caloaicl 
rays  could  be  measured,  the  number  of  vibrationa  n  > 
second  corresponding  to  each  could  be  computed ;  that  Im 
been  accomplished  as  follows:  —  All  transparent  snbttaiMi 
of  a  oertain  thickness,  with  parallel  aurfacea,  reflect  sad 
transmit  white  light ;  but  if  they  be  extremely  thin,  both 
the  reflected  and  transmitted  light  ia  coloored.  The  vilid 
hues  on  soap-bubbles,  the  iridescent  colours  pradnccd  by 
heat  on  polished  steel  and  oopper,  the  fVingea  of  colav 
between  the  limine  of  Iceland  apar  and  sulphate  of  Ub^ 
«U  consiit  of  k  mxaaaisi^  oE  \raica  4ui(qm&  W  4*  oat 


"   1 


mewton's  rings;  197 

t  totally  independent  of  the  colour  of  the  substance^ 
etermined  solely  by  its  greater  or  less  thickness^  —  a 
nstance  which  affords  the  means  of  ascertaining  the 
li  of  the  waves  of  each  coloured  ray^  and  the  frequency 
e  vibrations  of  the  particles  producing  them.  If  a 
of  glass  be  laid  upon  a  lens  of  almost  imperceptible 
ture^  before  an  open  window  ;  when  they  are  pressed 
ler  a  black  spot  will  be  seen  in  the  point  of  contact^ 
onded  by  seven  rings  of  vivid  colours^  all  differing 
one  another.  1  In  the  first  ring^  estimated  from  the 
spot,  the  colours  succeed  each  other  in  the  following 
:  —  black,  very  faint  blue,  brilliant  white,  yellow, 
1^,  and  red.  They  are  quite  different  in  the  other 
f  and  in  the  seventh  the  only  colours  are  pale  bluish- 
and  very  pale  pink.  That  these  rings  are  formed 
iOk  the  two  surfaces  in  apparent  contract  may  be  proved 
^ing  a  prism  on  the  lens,  instead  of  the  plate  of  glass, 
iewing  the  rings  through  the  inclined  side  of  it  that 
xt  to  the  eye,  which  arrangement  prevents  the  light 
ted  from  the  upper  surface  mixing  with  that  from  the 
ees  in  contact,  so  that  the  intervals  between  the  rings 
ir  perfectly  black, — one  of  the  strongest  circumstances 
rour  of  the  undulatory  theory ;  for  although  the  phe- 
na  of  the  rings  can  be  explained  by  either  hypothesis, 
is  this  material  difference,  that  according  to  the  un- 
ory  theory,  the  intervals  between  the  rings  ought  to 
isolutely  black,  which  is  confirmed  by  experiment ; 
^as,  by  the  doctrine  of  emanation  they  ought  to  be 
Uuminated,  which  is  not  found  to  be  the  case.  M. 
lel,  whose  opinion  is  of  the  first  authority,  thought 
est  conclusive.  It  may  therefore  be  concluded  that 
ngs  arise  entirely  from  the  interference  of  the  rays : 
ght  reflected  from  each  of  the  surfaces  in  apparent 
ct  reaches  the  eye  by  paths  of  different  lengths,  «jwi 
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produces  coloured  and  dart  tings  alCematdy,  according  ai 
the  reflected  waves  coincide  or  destroy  one  another.  The 
breadths  of  the  rings  are  unequal ;  they  decrease  iu  nidih, 
and  the  colours  become  more  crowded,  as  they  recede  from 
the  centre.  Coloured  rings  are  also  produced  by  trail*- 
initting  light  through  the  same  apparatus ;  but  the  eoloun 
are  less  vivid,  and  ore  complementary  to  those  reflected, 
consequently  the  central  spot  is  white. 

The  size  of  the  rings  increases  with  the  obliquity  of  llw 
incident  light ;  the  same  colour  requirtti);  a  greater  thick- 
ness or  space  between  the  glasses  to  produce  it  tba.n  whea 
the  light  falls  perpcnJicukrly  upon  them.  Now  if  the  ap- 
paratus be  placed  in  homogeneous  instead  of  white  hgl4 
the  rings  will  all  be  of  tile  same  colour  with  that  of  tb« 
light  employed.  That  is  to  say,  if  the  light  be  red,  ite 
rings  will  he  red  divided  by  hlack  intervals.  The  ahw  ol 
the  rings  varies  with  the-  colour  of  the  lighL  They  an 
largest  in  red,  and  decrease  hi  magnitude  with  tile  succeed- 
ing priamatic  colours,  being  smallest  in  violet  li^L 

Since  one  of  the  glasses  is  plane  and  the  other  tphaicil, 
it  la  evident  that  from  the  point  of  contact,  the  apace  b»- 
twees  them  gradually  increases  in  thickness  all  nmnd,  m 
that  a  certain  thicknees  of  air  corresponds  to  each  colon, 
which  in  the  undnlatory  system,  roeasuTcs  the  length  tt 
the  wave  producing  it.'  By  actual  meaaurement,  Sirlaue 
Newton  found  that  the  aqnares  of  the  diametera  of  tb 
brightest  part  of  each  ring  are  as  the  odd  numben,  1,  S, 
5,  7>  &c. ;  and  that  the  squares  of  the  diametera  of  the 
darkest  parts  are  as  the  even  numbers  0,  2,  4,  6,  &&  Coa- 
sequently  the  intervals  between  the  glasses  at  tbeaa  poiiU 
are  in  die  same  proportion.  If,  then,  the  thickness  of  the 
air  corresponding  to  any  one  colour  could  be  fonnd,  to 
diickneas  for  all  the  othera  would  be  known.  Now  m  Sir 
Isaac  Newtm  knew  the  radius  of  curvature  of  (he  leiw,  mi 
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the  actual  breadth  of  the  ringi  in  parts  of  an  inch^  it  was 
easy  to  compute  that  the  thickness  of  air  at  the  darkest 
part  of  the  first  ring  is  the  -^^^nr  P^^^  ^  ^^  inch,  whence 
9Si  the  others  have  been  deduced.  As  these  intervals  de- 
termine d»e  lengths  of  the  waves  on  the  imdulatory  hy- 
pothesis, it  appears  that  the  length  of  a  wave  of  the  extreme 
red  of  the  solar  ^ectrum  is  equal  to  the  0 '0000266th  part 
of  an  inch ;  that  die  length  of  a  wave  of  the  extreme  violet 
is  equal  to  the  0*00001 67th  part  of  an  inch ;  and  as  the 
time  of  a  vibration  of  a  particle  of  ether  producing  any 
psrticular  colour  is  direcdy  as  the  length  of  a  wave  of  that 
colour^  and  inversely  as  the  velocity  of  lights  it  follows 
that  the  molecules  of  ether  producing  the  extreme  red  of 
the  solar  spectrum  perform  458  millions  of  millions  of  vi« 
hrations  in  a  second ;  and  that  those  producing  the  extreme 
vkdet  accomplish  7^7  miUions  of  millions  of  vibrations  in 
^  same  time.  The  lengths  of  the  waves  of  the  interme- 
diate colours^  and  the  number  of  their  vibrations  being  in- 
termediate between  these  two,  white  light,  which  consists 
of  all  the  colours,  is  consequently  a  mixture  of  waves  of 
all  lengths  between  the  limits  of  the  extreme  red  and  violet. 
Hie  determination  of  these  minute  portions  of  time  and 
space,  hoth  of  which  have  a  real  existence,  being  the  actual 
vesults  of  measurement,  do  as  much  honour  to  the  genius 
of  Newton  as  that  of  the  law  of  gravitation. 

The  phenomenon  of  the  coloured  rings  takes  place  in 
vacuo  as  well  as  in  air ;  which  proves  that  it  is  the  distance 
between  the  lenses  alone,  and  not  the  air,  which  produces 
the  colours.  However,  if  water  or  oil  be  put  between 
diem,  the  rings  contract,  but  no  other  change  ensues ;  and 
Newton  found  that  the  thickness  of  different  media  at 
which  a  given  tint  is  seen,  is  in  the  inverse  ratio  of  their 
refractive  indices,  so  that  the  thickness  of  lamins  which 
could  not  otherwise  be  measured,  may  be  known  b^  1V!l<^\i 
colour  y  and  as  the  position  of  the  co\o\it&  m  xYve  T«i%^  *^ 
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invariable,  (hey  form  s  fixed  aUndard  of  compariioti]  n 
known  as  Newton's  scale  of  colours  ;  each  tint  being  esd- 
maled  acconling  to  the  ring  to  whicli  it  beloags  from  the 
central  sjJOt  induBively.  Not  only  the  periodical  coloun 
which  have  been  detcribed,  but  the  colours  aeen  in  thick 
plates  of  transparent  substances,  the  variable  hues  of  &a. 
thers,  of  insects'  wings,  mother  of  peail,  and  of  striated 
aubsianoes,  all  depend  upon  the  same  principle.  To  theK 
may  be  added  the  coloured  fringes,  aurrounding  tbe 
ahadows  of  all  bodieE  held  in  an  extremely  small  beatn  of 
light,  and  the  coloured  rings  surrounding  the  small  bean 
itself  when  received  an  a  screen. 

When  a  very  slender  sunbeam  passing  through  a  EmiH 
pin-hole  into  a.  dark  roam  is  received  on  a  while  screen, 
or  plate  of  ground  glass,  at  the  distance  of  a  lillle  iDon 
than  six  feet,  the  spot  of  light  on  the  screen  is  larger  tbaa 
the  pin-hole;  and  instead  of  being  bounded  by  ahadoir, 
it  is  surrounded  by  a  series  of  coloured  rings  separated  bf 
obscure  intervals.  The  rings  are  more  distinct  in  propec- 
tion  to  the  smallness  of  the  beam.'  When  the  li^t  ii 
white,  there  are  seven  rings,  which  dilate  or  contract  wi& 
the  distance  of  the  screen  from  the  hole.  As  the  distmee 
of  tbe  screen  diminishes,  the  white  central  spot  contracti 
to  a  point  and  vanishes  ;  and  on  approaching  atill  nearv, 
the  rings  gradually  close  in  upon  it,  so  that  the  centre 
assumes  successively  the  most  intense  and  vivid  hnea. 
When  the  hght  is  homogeneous,  red,  for  example,  the 
rings  arc  alternately  red  and  black,  and  more  numerona ; 
and  their  breadth  varies  with  the  colour,  being  broadest  i> 
red  hght  and  narrowest  in  violet.  The  tints  of  the  colonnd 
frii^es  from  white  hght,  and  theii  obliteration  after  the 
seventh  ring,  arise  from  the  superposition  of  the  diffennt 
sets  of  fringes  of  all  the  coloured  rays.  The  shaiiowa  of 
otgecti  are  ahu  bordered  by  cobured  fringes  when  held  in 
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this  slendet  beam  of  light  If  the  edge  of  a  knife  or  ft 
liair  for  example^  be  held  in  it^  the  rays  instead  of  pro- 
eeeding  in  straight  lines  })ast  its  edge^  are  bent  when  quite 
dose  to  it^  and  proceed  from  thence  to  the  screen  in  curyed 
lines  called  hyperbolas ;  so  that  the  shadow  of  the  object 
18  enlarged;  and  instead  of  being  at  once  bounded  by 
lights  is  surrounded  or  edged  with  coloured  fringes^  alter-* 
Bating  with  black  bands,  which  are  more  distinct  the 
■mailer  the  pin-hole.^  The  fringes  are  altogether  inde^ 
pendent  of  the  form  or  density  of  the  object^  being  the 
same  when  it  is  round  or  pointed,  when  of  glass  or  platina* 
When  the  rays  which  form  the  fringes  arrive  at  the  screen, 
they  are  of  different  lengths^  in  consequence  of  the  curved 
path  they  follow  after  passing  the  edge  of  the  object.  The 
waves  are  therefore  in  different  phases  or  states  of  vibration^ 
and  either  conspire  to  form  coloured  fringes  or  destroy  one 
another  in  the  obscure  intervals.  The  coloured  fringes 
bordering  the  shadows  of  objects  were  first  described  by 
Grimaldi  in  1665 ;  but  besides  these  he  noticed  that  there 
are  others  within  the  shadows  of  slender  bodies  exposed  to 
a  small  sunbeam  —  a  phenomenon  which  has  already  been 
mentioned  to  have  afforded  Dr.  Young  the  means  of  prov- 
ing^ beyond  all  controversy^  that  coloured  rings  are  pro-> 
duced  by  the  interference  of  light. 

It  may  be  concluded^  that  material  substances  derive 
their  colours  from  two  different  causes:  some  from  the 
law  of  interference^  such  as  iridescent  metals,  peacocks' 
feathers,  &c. ;  others  from  the  unequal  absorption  of  the 
rays  of  white  lights  such  as  vermilion,  ultramarine,  blue, 
or  green  cloth,  flowers,  and  the  greater  number  of  coloured 
bodies.  The  latter  phenomena  have  been  considered  ex- 
tremely difficult  to  reconcile  with,  the  undulatory  theory 
of  light,  and  much  discussion  has  arisen  as  to  what 
jbecomes  of  the  absorbed  rays.      But  that  embarrs&^YVik^ 
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ijaestion  has  been  ably  aiiEweied  by  SiT  John  HerBchel  in 
a  most  profound  paper.  On  the  Absorption  of  Light  by 
coloured  Media,  and  cannot  be  better  given  than  in  his 
own  words.  It  must  however  be  premised,  that  a>  all 
trinsparent  bodies  are  traversed  by  light,  they  arc  pre- 
sumed to  be  permeable  to  the  ether.  He  ssys,  "  Now,  u 
regards  only  the  general  fact  of  the  obstruction  and  ulti- 
mate extinction  of  light  in  its  passage  through  gross  media, 
if  we  compare  tbc  corpuscular  and  undulatorf  theories,  m 
■hall  find  that  the  former  appeals  to  our  ignorance,  the 
Utter  lo  our  knowledge,  for  its  explanation  of  the  absorp- 
ti?E  phenomena.  In  attempting  to  explain  the  exiinctiiNi 
of  light  on  the  corpuscular  doctrine,  we  ha>e  to  bccouhI 
for  the  light  so  extinguished  as  a  malerial  body,  which  iR 
must  not  BUppoK  annihilated.  It  may  however  be  tran*- 
fbrmcd;  and  among  the  imponderable  i^nts,  heat,  elec> 
tricity,  &c.,  it  may  be  that  we  are  to  search  for  the  ligtl 
which  has  become  thus  com pnra lively  stagnant.  Th( 
heating  power  of  the  solar  raya  gives  a  primd  faeit  jitt- 
nbility  to  the  idea  of  a  transformatioD  of  light  into  beat  by 
•bsorptioD.  But  when  we  come  to  examine  the  matte 
more  ttearly,  we  find  it  encumbered  od  ail  side*  wiA 
difficulties.  How  ii  it,  for  instance,  that  the  most  lim^ 
nous  rays  are  not  the  most  calorific;  but  that  <»  tfa 
coDtfary,  the  calorific  energy  accompanies,  in  its  grealcit 
intensity,  rays  which  possess  comparatively  feeble  illiBii- 
nating  powers  ?  These  and  other  questions  of  a  aimilu 
nature  may  perhaps  admit  of  answer  in  a  more  adnDBld 
state  of  our  knowledge ;  but  at  present  there  is  atmt 
obvious.  It  is  not  without  reason,  therefore,  that  tke 
question,  'What  becomes  of  light?'  which  appeui  M 
have  been  agitated  among  itie  photologists  of  the  lart 
century,  has  been  regarded  as  one  of  connderable  Impctl- 
ance  ai  well  as  obscurity,  by  the  corpuscular  philoaophcik 
Oil  the  othei  hand,  libe  uwwet  Ui  "^u^  ofm&xi,  «ffixd«J 
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kf  the  imdulfttory  theory  of  light,  is  eimple  «nd  disdnct. 
The  question^  ^  What  becomes  of  light  ? '  merges  in  the 
■ioi;«  general  one,  '  What  becomes  of  motion  ?  '  And  tlM 
answer^  on  dynamical  principles^  is^  that  it  continues  for 
ever.  No  motion  is^  strictly  speakings  annihilated;  Imt 
it  may  be  divided^  and  the  divided  parts  made  to  oppose 
and^  in  ^€ct,  destroy  one  another.  A  body  struck^  how- 
ever perfectly  elastic^  vibrates  for  a  time^  and  dien  appears 
to  sink  into  its  original  repose.  But  this  apparent  rest 
(even  abstracting  from  the  inquiry  that  part  of  the  mo* 
tion  which  may  be  conveyed  away  by  the  ambient  air)  is 
nothing  else  than  a  state  of  subdivided  and  mutually  de- 
stroying motion^  in  which  every  molecule  continues  to  be 
i^tated  by  an  indefinite  multitude  of  internally  reflected 
waves^  I»opagated  through  it  in  every  possible  direction^ 
from  every  point  in  its  surface  on  which  they  successivdy 
impinge.  The  superposition  of  such  waves  will^  it  is 
eaaly  seen^  at  length  operate  their  mutual  destruction^ 
whidi  will  be  the  more  complete  the  more  irregular  the 
figure  of  the  body^  and  the  greater  the  number  of  internal 
leflections."  Thus  Sir  John  Herschel,  by  referring  the 
absorption  of  light  to  the  subdivision  and  mutual  destruc- 
Baxi  of  the  vibrations  of  ether  in  the  interior  of  bodies, 
brings  another  class  of  phenomena  under  the  laws  of  the 
imdulatory  theory. 

The  ethereal  medium  pervading  space  is  supposed  to 
penetrate  all  material  substances,  occupying  the  interstices 
between  their  molecules ;  but  in  the  interior  of  refracting 
media  it  exists  in  a  state  of  less  elasticity  compared  with 
its  density  in  vacuo  ;  and  the  more  refractive  the  medium^ 
Ae  less  the  elasticity  of  the  ether  within  it.  Hence  the 
waves  of  light  are  transmitted  with  less  velocity  in  such 
media  as  glass  and  water  than  in  the  external  ether.  As 
soon  as  a  ray  of  light  reaches  the  surface  of  a  d\tt\^\\axvcra& 
leBecting  substanccj  for  example  a  plate  oi  ^"Sift,  VX.  ^oivsv. 


manlcites  its  nIidulBtionB  lo  the  ether  next  in  contact  with 
the  surface,  which  thus  becomes  a  new  centre  of  motion, 
and  tvfo  hemispherical  waves  are  propagated  from  each 
point  of  this  surface  ;  one  of  which  proceeds  forward 
into  the  interior  of  the  glass,  with  a  less  Telocity  than 
the  iacidcnt  wave ;  and  the  other  is  transmitted  back  into 
the  air,  with  a  velocity  equal  to  that  with  which  it  came,' 
Thus  when  refracted,  the  light  moves  with  a  different 
Telocity  without  and  within  the  glass ;  when  reflected,  the 
Tay  cornea  and  goes  with  the  same  velor.ity.  The  partickl 
of  ether  without  the  glass,  wliich  communicate  their  mo- 
tions  to  the  particles  of  the  dense  and  less  elastic  ether 
within  it,  ore  analogous  to  small  elastic  balls  striking  largi 
ones;  for  some  of  the  motion  will  be  communicated  to 
the  large  balls,  and  the  small  onea  will  be  reflected.  The 
£rat  would  cause  the  refracted  wave ;  and  the  last  the 
refiecled.  Conversely,  nhen  the  light  passes  from  glass  to 
air,  the  action  is  similar  lo  large  balls  striking  smaJl  ones. 
The  small  halls  receive  a  motion  which  would  cause  the 
refracted  ray,  and  the  part  of  the  motion  retained  by  the 
large  ones  would  occasion  the  reflected  wave ;  so  that  when 
light  passes  through  a  plate  of  glass  or  of  any  other  nw- 
dium  differing  in  density  from  the  air,  there  is  a  reflection 
at  both  surfaces ;  but  this  difference  exists  between  the  two 
reflections,  that  one  is  caused  by  a  vibration  in  the  aame 
direction  with  that  of  the  incident  ray,  and  the  other  by  ( 
vibration  in  the  opposite  direction. 

A  single  wave  of  air  or  ether  would  not  produce  the 
aensatiou  of  sound  or  light.  In  order  to  excite  vision,  the 
vibrations  of  the  molecules  of  ether  must  be  regular,  peri- 
odical, and  very  often  repeated ;  and  as  the  ear  continiiti 
to  be  agitated  for  a  short  time  after  the  impulse  by  which 
alone  a  sound  becomes  continuous,  so  also  the  fibres  of  the 
retina,  according  to  M.  d'Arcet,  continue  to  vibrate  for 
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at  the  eighth  part  of  a  second,  after  the  exciting  cause 
ceased.  Every  one  must  have  observed^  when  a  strong 
ression  is  made  by  a  bright  Hght^  that  an  object  remains 
lie  for  a  short  time  after  shutting  the  eyes^  which  is 
posed  to  be  in  consequence  of  the  continued  vibrations 
he  fibres  of  the  retina.  Occasionally  the  retina  becomes 
nsible  to  feebly  illuminated  objects  when  continuously 
tented.  If  the  eye  be  turned  aside  for  a  moment,  the 
^  becomes  again  visible.  It  is  probably  on  this  ac- 
Qt  that  the  owl  makes  so  peculiar  a  motion  with  its  head 
in  looking  at  objects  in  the  twilight.  It  is  quite  pos-> 
e  that  many  vibrations  may  be  excited  in  the  ethereal 
iium  incapable  of  producing  undulations  in  the  fibres 
the  human  retina,  which  yet  have  a  powerful  effect  on 
le  of  other  animals  or  of  insects.  Such  may  receive 
inous  impressions  of  which  we  are  totally  unconscious^^ 
at  the  same  time  they  may  be  insensible  to  the  light 
colours  which  affect  our  eyes ;  their  perceptions  begin- 
I  where  ours  end. 
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Ik  giving  a  sketch  of  the  constitution  of  light,  it  is  iiD- 
possible  to  omit  the  extraordinary  property  of  its  polariii- 
tion,  "  the  phenomeDa  of  which,"  Sir  John  HerBchel  mys, 
"  are  so  Binfjular  and  various,  that  to  one  who  has  onlj 
studied  the  common  branches  of  physical  optic*,  it  is  Bta 
entering  into  a  new  world,  ao  splendid  as  to  render  it  MM 
of  the  most  deliglitful  branches  of  experimental  inquirj, 
and  BO  fertile  in  the  views  it  lays  open  of  the  constitnliaa 
of  natural  bodies,  and  the  minuter  mechanism  of  the  oni- 
verse,  as  to  place  it  in  the  very  first  rank  of  the  phyiieo- 
mathematicsl  sdences,  which  it  maintains  by  the  rigoroDi 
spphcation  of  geometrical  reasoning  its  nature  admit*  and 
requires." 

Light  is  said  to  be  polarized,  which,  by  being  once  re- 
flected or  refracted,  is  rendered  incapable  of  being  agau 
reflected  or  refracted  at  certain  angles.  In  general  when 
a  ray  of  Lght  ie  reflected  from  a  pane  of  plate-^tass,  or  any 
other  substance,  it  may  be  reflected  a  second  time  from 
another  surface,  and  it  will  alio  pass  freely  through  tiaiia- 
parent  bodies.  But  if  a  ray  of  light  be  reflected  from  a 
June  of  plate-glass  at  an  angle  of  57".  it  is  rendered  totaUf 
iocspable  of  reflecdon  »l  &e  vnttice  <A  u>sjCi«i  ^u^  tfT 
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d^s  in  certain  definite  positions^  but  it  will  be  completely 
reflected  by  the  second  pane  in  other  positions.  It  likewise 
loses  the  property  of  penetrating  transparent  bodies  in  par. 
ticular  positions,  whilst  it  is  freely  transmitted  by  them  in 
others.  Light  so  modified  as  to  be  incapable  of  reflection 
and  transmission  in  certain  directions,  is  said  to  be  polar-^ 
ized.  This  name  was  originally  adopted  from  an  imaginary 
anali^  in  the  arrangement  of  the  particles  of  light  on  the 
corpuscular  doctrine  to  the  poles  of  a  magnet,  and  is  still 
retained  in  the  undulatory  theory. 

laghc  may  be  polarized  by  reflection  from  any  polished 
surface,  and  the  same  property  is  also  imparted  by  refrae-* 
tion.  It  is  proposed  to  explain  these  methods  of  polariz- 
ing light,  to  give  a  short  account  of  its  most  remarkable 
piroperties,  and  to  endeavour  to  describe  a  few  of  the  splen- 
did  phenomena  it  exhibits. 

If  a  brown  tourmaline,  which  is  a  mineral  generally 
crystallized  in  the  form  of  a  long  prism,  be  cut  longitudi- 
nally, that  is,  parallel  to  the  axis  of  the  prism,  into  plates 
about  the  thirtieth  of  an  inch  in  thickness,  and  the  sur- 
faces polished,  luminous  objects  may  be  seen  through  them, 
as  through  plates  of  coloured  glass.  The  axis  of  each  plate 
is  in  its  longitudinal  section  parallel  to  the  axis  of  the 
prism  whence  it  was  cut.^  If  one  of  these  plates  be  held 
perpendicularly  between  the  eye  and  a  candle,  and  turned 
slowly  round  in  its  own  plane,  no  change  will  take  place 
in  the  image  of  the  candle.  But  if  the  plate  be  held  in  a 
fixed  position,  with  its  axis  or  longitudinal  section  vertical, 
when  a  second  plate  of  tourmaline  is  interposed  between  it 
and  the  eye,  parallel  to  the  first,  and  turned  slowly  round 
in  its  own  plane,  a  remarkable  change  will  be  found  to  have 
taken  place  in  the  nature  of  the  light.  For  the  image  of 
the  candle  will  vanish  and  appear  alternately  at  every  quar- 
ter revolution  of  the  plate,  varying  through  all  de^^%  ^1 

'Notel9». 
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brightneas  down  to  total,  or  almost  total  e 
then  increasing  again  bj  tlie  Bsntc  degrees  as  it  had  before 
decreased.  These  cbangea  depend  upon  the  reUtive  pi»- 
NtioOE  of  the  plates.  When  the  longitudinal  sectiaiu  at 
the  two  plates  are  parallel,  the  brightness  of  the  image  ii 
tt  its  maximum  ;  and  when  the  axes  of  the  sections  crosi 
at  right  angles,  the  image  of  the  candle  vanishes.  Thui 
the  light,  in  passing  through  the  first  plate  of  tourmaUae, 
has  acquired  a  property  totally  diSerenC  frobi  the  direct 
light  of  the  candle.  The  direct  light  would  have  pene- 
trated the  second  plate  equally  well  in  all  lUrecdons,  whereif 
the  refracted  ray  will  only  pass  through  it  in  particulK 
positions,  and  is  altogether  incapable  of  penetrating  it  in 
olher?.  The  refracted  ray  is  polarised  in  its  passage 
through  the  first  tourmaline,  and  experience  shows  tiut 
it  never  loses  that  properly,  unless  when  acted  upon  by  I 
new  substance.  Thus,  one  of  the  properties  of  polariHd 
light  is  the  incapability  of  parsing  through  a  plate  of  tour- 
maline perpendicular  to  it,  in  certain  positions,  and  iti 
ready  transmission  in  other  positions  at  right  angles  to  (ke 
former. 

Many  other  substancea  have  the  property  of  ptdaiidng 
light.  If  a  ray  of  light  falls  upon  a  transparent  medimn, 
which  has  the  same  temperature,  denrity,  and  atructUR 
throughout  every  part,  as  fluids,  gasea,  glass,  &c.,  and  a 
few  r^ularly  crystaUized  minerals,  it  is  refracted  into  t 
single  pencil  of  light  by  the  laws  of  ordinary  refrsctiaii 
according  to  which  the  ray,  passing  through  the  refradiag 
surface  from  the  object  to  (he  eye,^never  quits  a  plane  ftz- 
pendicular  to  that  surface.  Almost  all  other  bodin,  swk 
as  tlie  greater  number  of  crystallized  minerals,  animal  aid 
Tegetahle  substances,  gums,  resins,  jellies,  and  all  adid 
bodies  having  unequal  tensions,  whether  from  unequal  tts* 
perature  or  pressure,  possess  the  property  of  doubling  At 
image  or  appearance  ol  ai^  t^wX  w«iv  \lbx(ra^  them  in 
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certain  directions.  Because  a  ray  of  natural  light  falliDg 
upon  them  is  refracted  into  two  pencils  which  move  with 
different  velocities^  and  are  more  or  less  separated^  according 
to  the  nature  of  the  hody  and  the  direction  of  the  incident 
ray.  Whenever  a  ray  of  natural  light  is  thus  divided  into 
two  pencils  in  its  passage  through  a  suhstance,  hoth  of  the 
transmitted  rays  are  polarized.  Iceland  spar^  a  carhonate 
of  lime,  which  hy  its  natural  cleavage,  may  he  split  into 
the  form  of  a  rhomhohedron,  possesses  the  property  of 
douhle  refraction  in  an  eminent  degree^  as  may  he  seen  hy 
pasting  a  piece  of  paper  with  a  large  pin-hole  in  it,  on  the 
ade  of  the  spar  farthest  from  the  eye.  The  hole  will  ap- 
pear double  when  held  to  the  light.  ^  One  of  these  pencils 
is  refracted  according  to  the  same  law  as  in  glass  or  water^ 
never  quitting  the  plane  perpendicular  to  the  refracting 
surface^  and  is  therefore  called  the  ordinary  ray.  But  the 
other  does  quit  the  plane,  being  refracted  according  to  a 
different  and  much  more  complicated  law,  and  on  that  ac- 
count is  called  the  extraordinary  ray.  For  the  same  reason 
one  image  is  called  the  ordinary,  and  the  other  the  extra- 
ordinary image.  When  the  spar  is  turned  round  in  the 
same  plane,  the  extraordinary  image  of  the  hole  revolves 
about  the  ordinary  image  which  remains  fixed,  both  being 
equally  bright.  But  if  the  spar  be  kept  in  one  position 
and  viewed  through  a  plate  of  tourmaline,  it  will  be  found 
that  as  the  tourmaline  revolves^  the  images  vary  in  their 
relative  brightness — one  increases  in  intensity  till  it  arrives 
It  a  maximum,  at  the  same  time  that  the  other  diminishes 
till  it  vanishes,  and  so  on  alternately  at  each  quarter  revo. 
lution^  proving  both  rays  to  be  polarized.  For  in  one  posi- 
tion the  tourmaline  transmits  the  ordinary  ray,  and  reflects 
the  extraordinary,  and  after  revolving  90°,  the  extraordi- 
nary ray  is  transmitted,  and  the  ordinary  ray  is  reflected. 
Thus  another  property  of  polarized  light  is,  that  it  evsoiot. 

'  Note  200. 
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be  divLded  into  two  equal  pencilg  by  double  reFractionj  iiT  1 
positions  of  the  doubly  refracting  bodies  in  which  a  ray  ^ 
eammon  light  would  be  so  divided. 

Were  tourmaline  like  other  douhly  refracting  bodies,  each 
of  the  transmitted  raya  would  be  double ;  but  that  minenl 
when  of  a  certain  thicInieEB,  after  Beparating  the  light  intt 
two  polarized  pencils,  absoiba  that  which  nndergoes  ordinny 
refraction,  and  coneequently  Bhows  only  one  image  of  H 
object.  On  this  account,  tourmaline  is  peculiarly  fitted  for 
analyzing  polarized  light,  which  shows  nothing  remarliBlilt 
till  viewed  through  it  or  Boraething  equivalent. 

The  pencils  of  light  on  leaving  a  double  refracting  wb* 
stance,  are  parallel ;  and  it  is  clear  from  the  precedinj 
experiments,  that  they  are  polarized  in  planes  at  right  an^ 
to  each  otlier.'  Hut  that  will  be  better  underalood  by  coV 
sidertng  the  change  produced  in  comnon  light  by  At' 
action  of  the  polarizing  body.  It  has  been  shown  that  At 
undulations  of  elher,  which  produce  the  sensation  of  com- 
mon hgbt,  are  peiformed  in  every  possible  piine,  at  rigtt 
angles  to  the  direction  in  which  the  ray  is  moving.  Bst 
the  case  is  very  different  after  the  ray  has  passed  tbtm^ 
a  doubly  refracting  substance,  like  Iceland  spar.  The  ^It 
then  proceeds  in  two  parallel  pencils,  whose  undnlcttoW 
are  still  indeed  transverse  to  the  direction  of  the  rayi,  bit 
they  are  accomplished  in  planes  at  right  angles  to  one  U- 
other,  analogous  to  two  parallel  stretched  cords,  one  «l 
which  perfomiB  its  undulations  only  in  a  horizontal  phoe, 
and  the  other  in  a  vertical  or  upright  plane.'  ThmAt 
polarizing  action  of  Iceland  apsr,  and  of  all  douUy  relnCt- 
ing  substances  is,  to  separate  a  ray  of  common  light,  wbM 
waves  or  undulations  are  in  every  plane,  into  two  pirAI 
rays,  whose  waves  tx  undulations  lie  in  planet  at  rigkt 
angles  to  each  other.  Tlie  ray  of  common  light  maybt 
aMnifltMd  Xn  b  Tound  rod,  whereas  the  two  pdariied  ftp 
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» like  two  parallel  long  flat  rulers^  one  of  which  is  laid 
orizontally  on  its  broad  surface^  and  the  other  horizontally 
1  its  edge.  The  alternate  transmission  and  obstruction  of 
le  of  these  flattened  beams  by  the  tourmaline  is  similar 
>  the  facility  with  which  a  card  may  be  passed  between 
»  bars  of  a  grating  or  wires  of  a  cage^  if  presented  edge- 
aysy  and  the  impossibility  of  its  passing  in  a  transverse 
oection. 

Although  it  generally  happens  that  a  ray  of  lights  in 
Euwing  through  Iceland  6par^  is  separated  into  two  polar- 
sed  rays^  yet  there  is  one  direction  along  which  it  is  re- 
rteted  in  one  ray  only^  and  that  according  to  the  ordinary 
fcw.  This  direction  is  called  the  optic  axis.^  Many  crystals 
ad  other  substances  have  two  optic  axes^  inclined  to  each 
ther,  along  which  a  ray  of  light  is  transmitted  in  one 
BBcil  by  the  law  of  ordinary  refraction.  The  extraordi- 
try  ray  is  sometimes  refracted  towards  the  optic  axis>  as 
I  quartz^  zircon^  ice^  &c.^  which  are  therefore  said  to  be 
oaitive  crystals ;  but  when  it  is  bent  from  the  optic  axis, 
I  in  Iceland  spar^  tourmaline^  emerald^  beryl,  &c,,  the 
rystals  are  negative,  which  is  the  most  numerous  class. 
lie  ordinary  ray  moves  with  uniform  velocity  within  a 
eubly  refracting  substance,  but  the  velocity  of  the  extraor- 
inary  ray  varies  with  the  position  of  the  ray  relatively  to 
ie  optic '  axis,  being  a  maximum  when  its  motion  within 
le  crystal  is  at  right  angles  to  the  optic  axis,  and  a  mini' 
mm  when  parallel  to  it.  Between  these  extremes  its 
elodty  varies  according  to  a  determinate  law. 

It  had  been  inferred  from  the  action  of  Iceland  spar  on 
^it,  that  in  all  doubly  refracting  subtances,  one  only  of 
170  rays,  is  turned  aside  from  the  plane  of  ordinary  re- 
faction, while  the  other  follows  the  ordinary  law;  and 
be  great  difficulty  of  observing  the  phenomena  tended  to 
onflrm  that  opinion.     M.  Fresnel,  however,  \\\on^^\s^  ^ 
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moat  profound  mathematical  inquiryj   i  priori,  that  diC' 
extriordinarf  ray  must  be  wanting  in  glu«B  and  o^vt  ua< 
crystallized  Babstances,  and  that  it  must  neceEEBiily  e: 
carbonate  of  lime,   quartz,   and  otlier  bodies  having  oiw 
optic  axis,   but  that    in  a  numerous   class   of   Bubstancc*^ 
which  posscEs  two  optic  axes,  both  rays  must  undergo  is 
traordinary  refraction,  and  consequently   that   both  ma 
deviate  from  their  original  plane,  and  these   results  hdvC 
been  perfectly  confirmed  by  subsequent  eiperim 
theory  of  refraction,  -which   for  geueralisation  ia  perhtpc 
only  inferior  to  the  law   of  gravitation,  has  enrolled  the 
name  of  Presnel  among  those  which  pass  not  an-ay,  ul 
makes  his  early  loaa  a  subject  of  deep  regret  to  all  wbo  tik 
an  interest  in  the  higher  paths  of  scientific  research. 

When  a  beam  of  common  lijjht  is  partly  reflected  M 
and  partly  Craasmitted  through  a  transparent  aurface,  ihl., 
reflected  and  refracled  pencils  contain  equal  quantitiei  of 
polarized  liglit,  uxiA  their  planes  of  polarization  arc  at  Tij;lil 
angles  to  one  another ;  hence  a  pile  of  panea  of  glass  oiU 
give  a  polarized  beam  by  refraction.  For  if  a  ray  of  eo»- 
mon  hght  pass  through  them,  part  of  it  will  be  polariMd 
by  the  first  plate,  the  second  plate  will  polarize  a  partrf 
what  passes  through  it,  and  the  rest  will  do  the  same  il 
succeaion,  till  the  whole  beam  is  polarized,  except  whali* 
lost  by  reflection  at  the  dtSereut  surfaces,  or  by  abaorptioi* 
Thia  beam  is  polarised  in  a  plane  at  right  anglea  to  ike 
plane  of  reflection,  that  is,  at  tight  anglea  to  the  plane  pM>- 
ing  through  the  incident  and  reflected  ray.i 

By  far  the  most  convenient  way  of  polariziiig  light  ii  tf 
refleetiotL  A  plane  of  plale-glaas  laid  upon  •  [nect  4 
black  cloth,  on  a  table  at  an  open  window,  will  ftppcu  d 
a  uuifonn  brightneea  from  the  reflection  of  the  ikj  v 
clouds.  But  if  it  be  viewed  through  a  plate  of  toonnalii^ 
JiaTing  iti  axis  vettical,  inaiead  of  being  illumiiMted  m  b«- 
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fore,  it  will  be  obscured  by  a  large  cloudy  spot,  having  its 
<xntre  quite  dark,  which  will  readily  be  found  by  elevating 
or  depressing  the  eye,  and  will  only  be  visible  when  the 
angle  of  incidence  is  51°,  that  is,  when  the  line  from  the 
eye  to  the  centre  of  the  black  spot  makes  an  angle  of  33^ 
with  the  surface  of  the  reflector.  ^  When  the  tourmaline 
is  turned  round  in  its  own  plane,  the  dark  cloud  will  di* 
minish,  and  entirely  vanish  when  the  axis  of  the  tourmaline 
is  horizontal,  and  then  every  part  of  the  surface  of  the 
glass  will  be  equally  illuminated.  As  the  tourmaline  re- 
volves, the  cloudy  spot  will  appear  and  vanish  alternately 
at  every  quarter  revolution.  Thus,  when  a  ray  of  light  is 
incident  on  a  pane  of  plate-glass  at  an  angle  of  57°,  the 
reflected  ray  is  rendered  incapable  of  penetrating  a  plate  of 
tourmaline,  whose  axis  is  in  the  plane  of  incidence.  Con- 
sequently it  has  acquired  the  same  character  as  if  it  had 
been  polarized  by  transmission  through  a  plate  of  tourma- 
line, vnth  its  axis  at  right  angles  to  the  plane  of  reflection. 
It  is  found  by  experience  that  this  polarized  ray  is  incapa- 
ble of  a  second  reflection  at  certain  angles  and  in  certain 
positions  of  the  incident  plane.  For  if  another  pane  of 
plate-glass  having  one  surface  blackened,  be  so  placed  as 
to  make  an  angle  of  33°  with  the  reflected  ray,  the  image 
of  the  first  pane  will  be  reflected  in  its  surface,  and  will 
be  alternately  illuminated  and  obscured  at  every  quarter 
revolution  of  the  blackened  pane,  according  as  the  plane  of 
reflection  is  parallel  or  perpendicular  to  the  plane  of  polar- 
ization. Since  this  happens  by  whatever  means  the  light 
has  been  polarized,  it  evinces  another  general  property  of 
polarized  light,  which  is,  that  it  is  incapable  of  reflection 
in  a  plane  at  right  angles  to  the  plane  of  polarization. 

All  reflecting  surfaces  are  capable  of  polarizing  light, 
but  the  angle  of  incidence  at  which  it  is  completely  polar- 
ized is  different  in  each  substance.  ^     It  a^^e^x^  ^"aX. '^'t 
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angle  for  plate-glaes  ia  57°  ;  in  crown-glaas  it  U  S6'  55', 
and  no  ray  will  be  completely  polariiied  by  water,  unlew 
the  angle  of  incidence  be  ^3°  II'.  Tbe  angles  at  nbick 
difi'erenC  Bubslances  polarize  light  are  determined  by  a 
simple  and  eli^ant  law,  discovered  by  Sir  David  Brewfter, 
"  That  the  tangent  of  tbe  polarizing  angle  for  any  medium 
h  equal  to  the  sine  of  the  angle  of  incidence  divided  by 
the  sine  of  tbe  angle  of  refraction  of  that  EBedii 
'Whence  alEO  the  refractive  power  even  of  an  opaqne  Wf 
U  known  when  its  polarizing  angle  has  been  determined. 

Metallic  substances,  and  such  as  are  of  high  refracriM 
powers,  like  thi;  diamond,  polariiie  imperfectly. 

If  a  ray  polarized  by  refraction  or  by  reflection  from  kof 
subalance  not  metallic,  be  viewed  through  a  piece  of  Icdand 
spar,  each  image  will  alternately  vanish  and  re-appear  tf 
every  quarter  revolution  of  the  spar,  whether  it  i«to1w 
from  nght  to  left,  or  from  left  to  right ;  which  shows  tint 
the  properties  of  the  polariv^ed  ray  are  svinnie tribal  on  eich 
side  of  the  plane  of  polarization. 

Although  there  be  only  one  angle  in  each  suhslAiMC  il 
which  light  is  completely  polarized  by  one  re&ection,  jM 
it  may  be  polarized  at  any  angle  of  incidence  by  a  suCdttI 
number  of  reflectiona.  For  if  a  ray  falls  upon  tbe  n/fB 
surface  of  a  pile  of  plates  of  glass  at  an  angle  greater  « 
less  than  a  polarizing  angle,  u  part  only  of  the  teBeetti 
ray  will  be  polarized,  but  a  part  of  what  is  traiKuitliri 
will  be  polarized  by  reflection  at  the  surface  of  tbe  aecMd 
plate,  part  at  the  third,  and  so  on  till  the  whole  is  potariied. 
This  is  the  best  apparatus ;  but  one  plate  of  gltsa  haviit 
its  ioferior  surface  blackened,  or  even  a  polished  taUe,  wiD 
answer  the  purpose. 
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SECTION  XXII. 

PHEKOMENA     EXHIBITED     BY    THE     PASSAGE     OF    POLARIZED    LIGHT 

THROUGH  MICA  AND  SULPHATE  OF  LIME. THE  COLOURED  IMAGES 

FBODUCBD    Br    POCARIZBD    LIGHT    PASSING    THROUGH    CRYSTALS 

9ATJNU  ONE  AND  TWO  OPTIC  AXES. CIRCULAR  POLARIZATION.  -— 

ELLIPTICAL  POLARIZATION. DISCOVERIES  OF  MM.  BIOT,  FRESNEL, 

AND    PROFESSOR   AIRY.  COLOURED    IMAGES  PRODUCED  BY   THE 

U(TEBFERENCE  OF  POLARIZED  RAYS. 

Such  is  the  nature  of  polarized  light  and  of  the  laws  it 
follows.  But  it  is  hardly  possible  to  convey  an  idea  of  the 
•plendourof  the  phenomena  it  exhibits  under  circumstances 
whieh  an  attempt  will  now  be  made  to  describe. 

If  light  polarized  by  reflection  from  a  pane  of  glass  be 
viewed  through  a  plate  of  tourmaline,  with  its  longitudinal 
eection  vertical^  an  obscure  cloudy  with  its  centre  totally 
SmA,  will  be  seen  on  the  glass.  Now  let  a  plate  of  mica^ 
unifonnly  about  the  thirtieth  of  an  inch  in  thickness^  be 
interposed  between  the  tourmaline  and  the  glass  ;  the  dark 
•pot  will  instantly  vanish^  and  instead  of  it,  a  succession  of 
tbe  most  gorgeous  colours  will  appear^  varying  with  every 
inclination  of  the  mica^  from  the  richest  reds^  to  the  most 
viTid  greens,  blues,  and  purples.'  That  they  may  be  seen 
in  perfection^  the  mica  must  revolve  at  right  angles  to  its 
own  plane.  When  the  mica  is  turned  round  in  a  plane 
perpendicular  to  the  polarized  ray,  it  will  be  found  that 
there  are  two  lines  in  it  where  the  colours  entirely  vanish. 
These  are  the  optic  axes  of  the  mica,  which  is  a  doubly 
refracting  substance^  with  two  optic  axes,  along  which  light 
is  refracted  in  one  pencil- 
No  colours  are  visible  in  the  mica,  whatever  its  position 
may  be  with  r^ard  to  the  polarized  light,  witkoMt  \5aa  «A 
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of  the  lourmaline,  which  separates  the  transinUted  nj  inio 
two  pencils  of  coloured  light  complemeDtary  to  one  another, 
that  is,  winch  taken  together  would  make  white  lighL  One 
of  these  it  absorhs,  and  tranBinita  the  other ;  it  is  therefore 
called  the  analyzing  plate.  The  tnith  of  this  will  apfot 
more  readily  if  a  film  of  eulpbate  of  lime  between  the  twen- 
tieth and  sixtieth  of  an  inch  thick  be  used  instead  of  the  mica. 
When  the  film  is  of  unifonn  thickness,  only  one  colonr 
will  be  Been  when  it  is  placed  between  the  analysing  pl«e 
and  the  reflecting  glass  ;  as,  for  example,  red.  But  when 
the  tcpurmahne  revolves,  the  red  will  vanish  by  dejfrees  till 
the  film  is  colourlefs ;  then  it  will  assume  a  green  hn*, 
which  will  increase  and  arrive  at  its  maximutti  when  ihe 
tourmahne  has  turned  through  ninety  degrees  ;  after  thit 
the  green  will  vanish  and  the  red  will  re-appear,  altemalii^ 
at  each  quadrant.  Thus  the  tourmaline  separates  the  1^ 
which  has  passed  through  the  fllm  into  a  red  and  a  gceia 
pencil,  in  ime  position,  it  absorbs  tile  green  unil  lets  the 
red  pass,  and  in  another  it  absorhs  the  red  and  traniniiti 
the  green.  This  is  proved  by  analyzing  the  ray  with  Ice- 
land spar  instead  of  tourmaline ;  for  since  the  spar  dot* 
not  absorb  the  light,  two  images  of  the  sulphate  of  liM 
will  be  seen,  one  red  and  the  other  green,  and  these  ex- 
change colours  every  quarter  revolution  of  the  spar,  ibe 
red  becoming  green,  and  the  green  red  ;  and  where  6« 
images  overlap,  the  colour  is  while,  proving  the  red  unl 
green  to  be  complemenUtry  to  each  other.  The  tint  de- 
pends on  the  thickness  of  the  fllm.  Films  of  aulphaKof 
lime,  the  000124  andOOlSlS  of  an  inch  respectively,  pK 
white  hght  in  whatever  position  they  may  be  held,  prorided 
they  be  perpendicular  to  the  polarized  ray ;  but  films  tl 
intermediate  thickness  will  give  all  colours.  CoDsequenllj, 
ft  wedge  of  sulphate  of  lime,  varying  in  thickness  betmen 
the  0-00124  and  the  001818  of  an  inch,  will  appear  to  be 
striped  with  all  colonic  «^n'eo^Ti-i«&\>^i.%WDimitted 
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through  it.  A  change  in  the  inclination  of  the  fihn^ 
whether  of  mica  or  sulphate  of  lime^  is  evidently  equivalent 
to  a  variation  in  thickness. 

When  a  plate  of  mica^  held  as  close  to  the  eye  as  possihle 
at  such  an  inclination  as  to  transmit  the  polarize4  ray  along 
one  of  its  optic  axes,  is  viewed  through  the  tourmaline 
with  its  axis  vertical,  a  most  splendid  appearance  is  pre- 
sented. The  cloudy  spot  in  the  direction  of  the  optic  axis, 
is  seen  surrounded  by  a  set  of  vividly  coloured  rings  of  an 
oval  form,  divided  into  two  unequal  parts  by  a  black  curved 
band  passing  through  the  cloudy  spot  about  which  the  rings 
are  formed.  The  other  optic  axis  of  the  mica  exhibits  a 
similar  image.  ^ 

When  the  two  optic  axes  of  a  crystal  make  a  small  angle 
with  one  another,  as  in  nitre,  the  two  sets  of  rings  touch 
externally ;  and  if  the  plate  of  nitre  be  turned  round  in  its 
own  plane,  the  black  transverse  bands  undergo  a  variety  of 
changes,  till  at  last  the  whole  richly  coloured  image  assumes 
the  form  of  the  figure  8,  traversed  by  a  black  cross.2  Sub- 
stances with  one  optic  axis  have  but  one  set  of  coloured 
circular  rings,  with  a  broad  black  cross  passing  through  its 
centre,  dividing  the  rings  into  four  equal  parts.  When 
the  analyzing  plate  revolves,  this  figure  recurs  at  every 
quarter  revolution;  but  in  the  intermediate  positions,  it 
assumes  the  complementary  colours,  the  black  cross  be- 
coming white. 

It  is  in  vain  to  attempt  to  describe  the  beautiful  pheno- 
mena exhibited  by  innumerable  bodies,  which  undergo 
periodic  changes  in  form  and  colour  when  the  analyzing 
plate  revolves,  but  not  one  of  them  shows  a  trace  of  colour 
without  the  aid  of  tourmaline  or  something  equivalent  to 
analyze  the  light,  and  as  it  were  to  call  these  beautiful 
phantoms  into  existence.  Tourmaline  has  the  disadvantage 
of  being  itself  a  coloured  substance ;  but  that  inconNev\\e^^^ 
i  Note  207.  2-Sote«i%. 


may  be  cbviated  by  employing  a  reflecting  Eur&ce  hs  an 
aniLlyzing  piale.  When  polarized  light  is  reflected  by  a 
plate  of  glass  at  the  polarizing  angle,  it  will  be  eeparaled 
into  two  ooloured  peiicita,  and  when  the  analysing  plate  ia 
turned  round  in  itn  own  plane,  it  niil  alternately  reflect 
each  ray  at  ever;  quarter  revolution,  so  that  all  the  pheno- 
mena that  have  been  described  will  be  seen  by  reflection 
on  its  surface. 

Coloured  rings  are  produced  by  analyzing  polarized  light 
transmitted  through  glass  melted  and  suddenly  or  unequ*llj 
cooled  ;  also  through  thin  plates  of  glass  bent  with  ihe 
hand,  jelly  indurated  or  compressed,  &c.  &c.  In  ihott, 
all  the  phenomena  of  coloured  rings  may  be  produced, 
either  permanently  or  transiently,  in  a  variety  of  Bubstances, 
by  heat  and  cold,  rapid  cooling,  compressioD,  dilatation, 
and  induration  ;  and  so  little  apparatus  is  necessary  fdC 
performing  the  experiments,  that  as  Sir  John  Heivcbel 
says,  a  piece  of  window-ijlass  or  a  polished  table  to  polariiB 
the  light,  a  sheet  of  cle^  ice  to  produce  the  rings,  aid  « 
broken  fragment  of  platc-glass  placed  near  the  eye  to  *n*- 
lyze  the  light,  are  alone  requisite  to  produce  one  of  dw 
most  splendid  of  optical  exhibitions. 

It  has  been  observed,  that  when  a  ray  of  light,  polariud 
by  reflection  from  any  surface  not  metallic,  is  analysed  bj 
a  doubly  refracting  substance,  it  exhibits  properties  whid 
are  symmetrical  both  to  the  right  and  left  of  the  plane  of 
reflection,  and  the  ray  is  then  said  to  be  polarised  according 
to  that  plane.  This  symmetry  is  not  destroyed  when  the 
ray  before  being  analyzed,  traverses  the  optic  axis  at  > 
crystal  having  but  one  optic  aids,  as  evidently  appcui 
from  the  circular  fbrras  of  the  coloured  rings  already  <]e> 
scribed.  Eegularly  crystallized  quartz,  however,  fornu  IB 
exception.  In  it,  ewn  though  the  rays  ^ould  pats  thnw^ 
the  optic  axis  itself  where  there  is  no  double  refiaedoi, 
tbe  prtmitiTe  symmetrj  oi  X^e  la.'j  w  &e(.Uo^«d,  and  the 
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plane  of  piimitiire  polarization  deviates  either  to  the  right 
or  kft  of  the  observer^  hj  an  angle  proportional  to  the  thick- 
ness of  the  plate  of  qitartz.  This  angular  motion^  or  Ixue 
rotatioii  of  the  plane  of  polarization,  which  is  called  circular 
polarization^  is  clearly  proved  by  the  phenomena.  The 
crioured  rings  produeed  by  all  crystals  having  but  one  optic 
axis  are  circular^  and  traversed  by  a  black  cross  concentric 
with  the  rings ;  so  that  the  light  entirely  vanishes  through* 
oat  the  space  «2closed  by  the  interior  ring^  because  there  is 
neither  double  refraction  nor  polarization  along  the  optic  axis. 
Bat  in  the  system  of  rings  produced  by  a  plate  of  quartz^ 
whose  surfaces  are  perpendicular  to  the  axis  of  the  crystal^ 
the  part  within  the  interior  ring,  instead  of  being  void  of 
lights  is  occupied  by  a  uniform  tint  of  red^  green,  or  blue, 
according  to  the  thickness  of  the  plate.  ^  Suppose  the  plate 
(^quartz  to  be  -^^  of  an  inch  thick,  which  will  give  ihe 
red  tint  to  the  space  within  the  interior  ring ;  when  the 
analyzing  plate  is  turned  in  its  own  plane  through  an  angle 
of  17^^>  the  red  hue  vanishes.  If  a  plate  of  rock  crystal 
-J^  of  an  inch  thick  be  used,  the  analyzing  plate  must  re- 
volve through  35°  before  the  red  tint  vanishes,  and  so  on ; 
every  additional  25th  of  an  inch  in  thickness  requiring  an 
additi(mal  rotation  of  17^° ;  whence  it  is  manifest  that  the 
plane  of  polarization  revolves  in  the  direction  of  a  spiral 
within  ihe  rock  crystal.  It  is  remarkable  that  in  some 
crystals  of  quartz,  the  plane  of  polarization  revolves  from 
right  to  left,  and  in  others  from  left  to  right,  although  the 
crystals  themselves  differ  apparently  only  by  a  very  slight 
almost  imperceptible  variety  in  form.  In  these  phenomena, 
the  rotation  to  the  right  is  accomplished  according  to  the 
same  laws,  and  with  the  same  energy,  as  that  to  the  left. 
Bat  if  two  plates  of  quartz  be  interposed  which  possess 
different  affections,  the  second  plate  undoes,  either  wholly 
or  partly,  the  rotatory  motion  which  the  first  had  ^Kyiviit:.^*^^ 

i  Note  209. 


according  ae  the  plates  are  of  equal  or  unequal  thickness. 
\Fhen  the  plates  are  of  uneijual  thickness,  the  deviation  ii 
in  the  direction  of  the  strongest,  and  exactly  the  same  witk 
ihat  which  a  third  pUte  would  produce  equal  in  thickneat 
to  Ihe  difference  of  the  two. 

M,  Biot  has  discovered  the  same  properties  in  a  T«rietr 
of  liquids.  Oil  of  turpentine,  and  an  essential  oil  of  laurel 
cause  the  plane  of  polarization  to  turn  to  the  left,  i 
the  sjirup  of  sugar-cane,  and  8  solatlon  of  natural  camphot 
b)'  alcohol  turn  it  to  the  right.  A  compensation  is  efibcted 
by  the  superposition  or  mixture  of  two  liquids  which  p 
these  opposite  properties,  provided  no  cheuiical  action  t«k«i 
place.  A  remarkable  difference  was  also  observed  liy  M. 
Biot  between  the  action  of  the  particles  of  the 
stances  when  in  a  liquid  or  solid  state.  The  lyrup  of 
grapes,  for  eumple,  turns  tlie  plane  of  polaiiiation  to  tht , 
left  as  long  as  it  remains  liquid :  hut  as  soon  as  it  aequtM ' 
the  solid  fonn  of  sugar,  it  causes  the  plane  of  polariialioB 
to  revolve  towards  the  right,  a  property  which  it  telaiM 
even  when  again  dissolved.  Instances  occur  alao  in  whith 
these  circumstances  are  reversed. 

A  ray  of  light  passing  through  a  liqwd  potseasing  the 
power  of  circular  polarization  is  not  affected  by  misiif 
other  fluids  with  the  liquid— such  as  water,  ether,  alcohol, 
&c. — which  do  not  possess  circular  polarization  them- 
selves,  the  angle  of  deviation  remaining  exactly  the  sameil 
before  the  mixture.  Whence  M.  Biot  infers  that  the  tt- 
tion  exercised  by  the  liquids  in  question  does  not  depend 
upon  their  mass,  but  ihat  it  is  a  molecular  action  exerdMd 
by  the  ultimate  particles  uf  matter,  which  depends  soMy 
upon  the  individual  constitution,  and  is  entirely  independ- 
ent of  the  positions  and  mutual  dislanceti  of  the  partidci 
with  regard  to  each  other.  These  important  diacovwiet 
■how,  that  drcular  polarization  surpasses  the  power  of  die. 
mical  aualysia  in  gtv\a{^  ceiULva  uA  d:\iux.  «<<v!«a«K  oC  the 
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similarity  or  difference  existing  in  the  molecular  constitu- 
tion of  bodies^  as  well  as  of  the  permanency  of  that  con- 
stitution^ or  of  the  fluctuations  to  which  it  may  be  liable. 
For  example,  no  chemical  difference  has  been  discovered 
between  syrup  from  the  sugar-cane  and  syrup  from  grapes. 
Yet  the  first  causes  the  plane  of  polarization  to  revolve  to 
the  rights  and  the  other  to  the  left ;  therefore  some  essen- 
tial difference  must  exist  in  the  nature  of  their  ultimate 
molecules.  The  same  difference  is  to  be  traced  between 
the  juices  of  such  plants  as  give  sugar  similar  to  that  from 
the  cane^  and  those  which  give  sugar  like  that  obtained  from 
grapes.  This  eminent  philosopher  is  now  engaged  in  a 
series  of  experiments  on  the  progressive  changes  in  the  sap 
of  v^petables  at  difierent  distances  from  their  roots^  and  on 
the  products  that  are  formed  at  the  various  epochs  of 
vegetation^  from  their  action  on  polarized  light. 

It  is  a  fact  established  by  M.  Biot^  that  in  circular 
polarization^  the  laws  of  rotation  followed  by  the  different 
simple  rays  of  lights  are  dissimilar  in  different  substances. 
Whence  he  infers  that  the  deviation  of  the  simple  rays 
from  one  another^  ought  not  to  result  from  a  sp^ial 
property  of  the  luminous  principle  only^  but  that  the 
proper  action  of  the  molecules  must  also  concur  in  modi- 
fying the  deviations  of  the  simple  rays  differently  in  dif- 
ferent substances. 

One  of  the  many  brilliant  discoveries  of  M.  Fresnel  is 
the  production  of  circular  and  elliptical  polarization  by  the 
internal  reflection  of  light  from  plate-glass.  He  has  shown, 
that  if  light  polarized  by  any  of  the  usual  methods^  be 
twice  reflected  within  a  glass  rhomb  ^  of  a  given  form,  the 
vibrations  of  the  ether  that  are  perpendicular  to  the  plane 
of  incidence  will  be  retarded  a  quarter  of  a  vibration,  which 
causes  the  vibrating  particles  to  describe  a  circular  helix,  or 
curve  like  a  cork-screw.      However,   that   only  ha^^e.tk& 

'  Note  166. 
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v/btn  die  plane  of  polarization  ia  ioclined  at  an  ang^  of  45° 
to  tlie  plane  of  incidence.  When  these  two  pUnes  forni 
an  angle  either  greater  or  lesa,  tlie  vibrating  partides  n 
in  an  elliptical  helix,  which  curre  may  he  represented  bjr 
tniEtittg  a  thread  in  a  Bpiral  about  an  oral  rod.  Thna 
curves  nill  turn  to  the  right  or  left,  according  to  the  po 
tioB  of  the  incident  plane. 

The  motion  of  the  ethereal  medium   in  elliptical  ■ 
circular  polarisation  nmy  be  repreEented  by  the  anslof;;  of 
a  stretched  cord  ;  for  if  the  extremity  of  such  a  cwrd  b« 
agitated  at  equal  and  regular  intervals  by  a  vibratory  n 
lion  entirely  confined  to  one  plane,  the  cord  will  be  thiora 
into  an  undulating  curve  lying  wholly  in  that  plane. 
to  this  motion  there  be  superadded  another  similar  a 
equal,  but  perpendicidar  to  the  firEt,  the  cord  will  aiaiu 
the  form  of  an  elliptical  helix  ;  its  extremity  will  deacribc 
an  ellipse,  and  every  molecule  throughout  its  length  wiS 
Eucrefsively  do   the  same.     But  if  tile  second   system  of 
vibrations  rommence  exactly  a  quarter  of  an  undulatiaci 
later  than  the  first,  the  cord  will  take  the  form  of  a  wcolv 
helix,  or  cork-acrew ;  the  extremity  will  move  uniformly  IB 
a  circle,  and  every  molecule  throughout  the  cord  will  it 
the  same  in  Buccession.      It  appears  therefore,  that  bott 
circular  and  elliptical  polarization  may  be  produced,  by  tbt 
composition  of  the  motions  of  two  rays  in  which  the  p*rtidM 
of  ether  vibrate  in  planes  at  right  angles  to  one  another. 

Professor  Airy,  in  a  very  profound  and  able  paper  pak 
lished  in  the  Cambridge  Transactions,  has  proved  Hut  dl 
the  diffisrent  kinds  of  polarized  light  are  obtained  &oin  ntk 
crystal  When  polarized  hght  is  transmitted  throi^h  tb* 
axis  of  *  crystal  of  quartz,  in  the  emei^ent  nj  the  ptr- 
ticlea  of  ether  move  in  a  circular  helix  ;  and  when  it  h 
transmitted  obliquely,  so  as  to  form  an  angle  with  tile  ixit 
of  the  prism,  the  particles  of  ether  move  in  an  i  UiptiEal  kdi^ 
the  elJiptici^  increaung  wtfli  iM  ift^n^x.'^  -A  die  ioddeot 
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r»y ;  80  that^  ivhen  the  incident  ray  falls  perpendicolarly 
to  the  axis^  the  particles  of  ether  move  in  a  straight  line. 
TbiK  quartz  exhihita  erery  variety  of  elliptical  polariaadon^ 
even  induding  the  extreme  cases  where  the  excentricity  is 
seio^  or  equal  to  the  greater  axis  of  the  ellipse.^  In  many 
crystals  the  two  rays  are  so  little  separated^  that  it  is  oniy 
from  the  nature  of  the  transmitted  light  that  they  are  known 
to  have  the  property  of  douhle  refraction.  M.  Fresnel 
discovered  hy  experiments  on  the  properties  of  light  pass- 
ing through  the  axis  of  quartz,  diat  it  consists  of  two 
superposed  rays  moving  with  different  velocities ;  and  Pro« 
fessor  Airy  has  shown,  that  in  these  two  rays^  the  molecules 
of  ether  vibrate  in  similar  ellipses  at  right  angles  to  each 
o^er,  but  in  difierent  directions;  that  their  ellipticity 
varies  with  the  angle  which  the  incident  ray  makes  with 
the  axis;  and  that^  by  the  composition  of  their  motions^ 
they  produce  all  the  phenomena  of  polarized  light  observed 
in  quartz. 

It  appears  from  what  has  been  said^  that  the  molecules 
ef  ether  always  perform  their  vibrations  at  right  angles  to 
the  direction  of  the  ray^  but  very  differently  in  the  various 
kinds  of  light.  In  natural  light  the  vibrations  are  recti- 
linear^ and  in  every  plane.  In  ordinary  polarized  light 
they  are  rectilinear^  but  confined  to  one  plane ;  in  circular 
polarization  the  vibrations  are  circular ;  and  in  elliptical 
polarization  the  molecules  vibrate  in  ellipses.  These  vibra- 
tions are  communicated  from  molecule  to  molecule^  in 
straight  lines  when  they  are  rectilinear^  in  a  circular  helix 
when  they  are  circular^  and  in  an  oval  or  elliptical  helix 
when  elliptical. 

Some  fluids  possess  the  property  of  circular  polarization, 
as  oil  of  turpentine ;  and  elliptical  polarization,  or  some- 
thing similar,  seems  to  be  produced  by  reflection  from  me- 
tallic surfaces. 

i  Note  210, 
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The  coloured  imageB  from  polarized  light  ari«e  from  the 
interference  of  the  rays-i  MM.  Fresnel  and  Arago  found, 
that  two  rays  of  polarized  light  interfere  and  prodon 
loured  fringes  if  they  be  polarized  in  the  same  plane 
that  they  do  not  interfere  when  polarized  in  different  pliM*,- 
In  all  intermediate  positions,  fringes  of  intermediate  bright- 
nesi  are  produced.  The  analogy  of  a  stretched  cord  willi 
show  hovr  this  happens.  Suppose  the  cord  to  be  moredr: 
backwards  and  forwards  horizontally  at  equal  interval! 
will  be  thrown  into  an  undulating  curve  lying  all  it 
])laue.  If  to  this  motion  there  be  superadded  another 
similar  and  equal,  commencing  exactly  half  an  undula^n 
later  than  the  first,  it  is  evident  (hat  the  direct  motiol 
every  molecule  will  assume,  in  conBe<[uence  of  the  first  (f» 
tem  of  waves,  will  at  every  instant  be  exactly  neutralized  b) 
the  retrograde  motion  it  would  take  in  virtue  of  the  Becoodjr 
and  the  cord  itself  will  be  quiescent  in  consequence  of  tfapl 
jnterferenct'.  But  if  llie  second  system  of  waves  be  in  » 
plane  perpendicular  to  the  first,  the  effect  would  ouly  be  10 
twist  the  rope,  so  that  no  interference  would  take  pkcb 
Rays  polarized  at  right  angles  to  each  other  may  tub- 
sequently  be  brought  into  the  same  plane  without  tetjmi- 
ing  the  property  of  producing  coloured  fringes ;  but  if 
they  belong  to  a  pencil  the  whole  of  which  was  originally 
polarized  in  the  same  plane,  they  will  interfere. 

The  manner  in  which  the  coloured  images  are  fomitd 
may  be  conceived,  by  considering  that  when  pulariied  li^ 
passes  through  the  optic  axis  of  a  doubly  refracting  sob- 
stance, —  as  mica,  for  example,  —  it  is  divided  into  tm 
pencils  by  the  analyzing  tourmahne;  and  sa  one  rayii 
absorbed  there  can  be  no  interference.  But  when  polarind 
light  passes  throt^h  the  mica  in  any  other  direction,  it  is 
separated  into  two  while  rays,  and  these  are  again  divided 
into  four  penrila  by  the  tourmaUne,  which  abaorba  two  tt 
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them ;  and  the  other  two^  being  ti'ansmitted  in  the  same 
plane,  with  different  velocities^  interfere  and  produce  the 
coloured  phenomena.  If  the  analysis  be  made  with  Ice- 
land spar^  the  single  ray  passing  through  the  optic  axis 
of  the  mica  will  be  refracted  into  two  rays  polarized  in 
diffisrent  planes,  and.no  interference  will  happen.  But 
when  two  rays  are  transmitted  by  the  mica,  they  will 
be  separated  into  four  by  the  spar,  two  of  which  will 
interfere  to  form  one  image,  and  the  other  two,  by  their 
interference,  will  produce  the  complementary  colours  of 
the  other  image,  when  the  spar  has  revolved  through  QO^  ; 
because,  in  such  positions  of  the  spar  as  produce  the 
coloured  images,  only  two  rays  are  visible  at  a  time,  the 
other  two  being  reflected.  When  the  analysis  is  accom- 
plished by  reflection^  if  two  rays  are  transmitted  by  the 
mica^  they  are  polarized  in  planes  at  right  angles  to  each 
other.  And  if  the  plane  of  reflection  of  either  of  these 
rays  be  at  right  angles  to  the  plane  of  polarization,  only 
one  of  them  will  be  reflected,  and  therefore  no  interference 
can  take  place ;  but  in  all  other  positions  of  the  analyzing 
plate  hoih  rays  will  be  reflected  in  the  same  plane,  and 
consequently  will  produce  coloured  rings  by  their  inter- 
ference. 

It  is  evident  that  a  great  deal  of  the  light  we  see  must 
be  polarized,  since  most  bodies  which  have  the  power  of 
reflecting  or  refracting  light  also  have  the  power  of  polar- 
izing it.  The  blue  light  of  the  sky  is  completely  polarized 
at  an  angle  of  7^^  from  the  sun  in  a  plane  passing  through 
his  centre. 

A  constellation  of  talent  almost  unrivalled  at  any  period 
in  the  history  of  science,  has  contributed  to  the  theory  of 
polarization^  though  the  original  discovery  of  that  property 
of  light  was  accidental,  and  arose  from  an  occurrence 
which  like  thousands  of  others  would  have  ]^a^&&^  \ffv- 
noticed^  had  k  not  happened  to  one  of  ikiose  laxe  ic^XkdA 
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capable  of  drawing  the  most  impotUnt  inferenccE  fnwl 
circumBtttQces  apparently  trifling.  In  1808,  while  H, 
Molua  was  Bccidentally  viewing  with  a  doubly-refracting 
pri«m,  B  brilliuit  eunset  reflected  liom  the  nindoKS  Itt 
the  Luxembourg  palace  in  Paris,  on  turning  the  pritBI 
Blowly  round,  he  was  surpriaed  to  see  a  very  great 
ence  in  the  intensity  of  the  two  images,  the  most  refracted 
altemalely  changing  from  brigfalncEs  to  obscurity  al  cIlA 
quadrant  of  revolution.  A  phenomenon  so  unlooteil  f« 
induced  him  to  investigate  its  cause,  whence  sprung  one  «l 
the  most  elegant  and  reflned  branches  of  physical  optics. 
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SECTION  XXIII. 

OMTSCTIOKS  TO  THK  UNOULAXORY  THEORT,  FROM  A  DIFFERENCE  IV 
THE   ACTIO W    OF   SOUND    AND    LIGHT    UNDER    TUB    SAME   CIRCUM» 

'  STANCES,  BEMOTED.-— THE  DISPERSION  OF  LIGHT  ACCORDING  TO 
THK  UNDULATORT  THEORY. 

r 

Thb  numerous  phenomena  of  periodical  colours  arising 
from  the  interference  of  light,  which  do  not  admit  of  satis- 
factory explanation  on  any  other  principle  than  the  undu- 
latory  theory,  are  the  strongest  arguments  in  favour  of  that 
Jiypothesis;   and  even  cases  which  at  one  time  seemed 
vnfavourable  to  that  doctrine,  have   proved  upon  inves- 
dgation,  to  proceed  from  it  alone.     Such  is  the  erroneous 
objection  which  has  been  made,  in  consequence  of  a  differ- 
ence in  the  mode  of  action  of  light  and  sound,  under  the 
same  circumstances,  in  one  particular  instance.     When  a 
ray  of  light  from  a  luminous  pointy  and  a  diverging  sound, 
are  both  transmitted  through  a  very  small  hole  into  a  dark 
toom,  the  light  goes  straight  forward  and  illuminates  a 
small  spot  on  the  opposite  wall,  leaving  the  rest  in  dark^ 
ness ;  whereas  the  sound  on  entering  diverges  in  all  di- 
jections,  and  is  heard  in  every  part  of  ihe  room.    These 
phenomena,  however,  instead  of  being  at  variance  with  the 
undulatory  theory,   are  direct  consequences  of  it,  arising 
from  the  very  great  difference  between  the  magnitude  of 
the  undulations  of  sound  and  those  of  light.     The  undu- 
lations of  light  are  incomparably  less  than  the  minute  aper- 
ture,  while  those  of  sound  are  much  greater.     Therefore 
when  light  diverging  from  a  luminous   point  enters  the 
hole,  the  rays  round  its  edges  are  obHque,  and  conse- 
quently of  different  lengths,  while  those  in  the  centre  are 
direct,  and  nearly  or  altogether  of  the  same  leti^xW.    ^^ 
that  the  small   uDdulatiQtts    between  the  cenlie  ^\i^  \)cl^ 
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eilgps  sre  in  different  phases,  that  te,  in  diSerent  states  c 
Tiodulatioii.  Therefore  (he  greater  number  of  them  intei 
fere,  and  by  destroying  one  another  produce  darkness  a 
around  the  edges  of  the  aperture;  whereasl  the  centn 
nyi  having  the  same  phases,  combine,  and  produce  3  spot 
of  bright  light  on  a  wall  or  screen  directly  opposite  the 
hole.  The  waves  of  air  prodoeing  sound,  on  the  contrary, 
being  very  large  compared  with  the  hole,  do  not  scntiblj 
divei^e  in  passing  through  it,  and  are  therefore  all  M 
nearly  of  the  same  length,  and  consequently  in  the  n 
phase,  or  state  of  undulation,  that  none  of  them  in 
fere  sufficiently  to  destroy  one  another.  Hence  all  tht 
panicles  of  air  in  the  room  are  set  into  a  stale  of  vibraliMi 
so  that  the  intensity  of  the  sound  is  very  nearly  every 
where  the  same,  it  is  probable,  however,  that  if  th> 
aperture  were  large  enough,  sound  diverginf;  from  ■ 
without  would  scarcely  be  audible,  except  immedial^' 
opposite  the  opeiiiitg.  Strong  as  ihe  preceding  cases  miy 
be,  the  following  experiment  made  by  M.  Arago  ibHt 
twenty  years  ago,  seems  to  be  decisive  in  favour  of  thi 
undulatory  doctrine.  Suppose  a  plano-coDTex  lena  it 
very  great  radius  to  be  placed  upon  a  plate  of  VHf 
highly  polished  metal.  When  a  ray  of  polariied  %ht 
falls  upon  this  apparatus  at  a  very  great  angle  of  inddaa^ 
Newton's  rings  ate  seen  at  the  point  of  contact.  But,  ■ 
the  polariiing  angle  of  glass  differs  from  that  of  nMtt^ 
when  the  light  falls  on  the  lens  at  the  polariiing  ui^ii 
glass,  the  black  spot  and  the  system  of  rings  vanish,  fm 
although  light  in  abundance  continues  to  he  reflected  fnm 
.the  surface  of  the  tnetsi,  not  a  lay  is  reflected  from  tfc* 
surface  of  the  glass  that  is  in  contact  with  it,  conieqiMnliT 
no  interference  can  lake  place ;  which  proves,  faejowl  a 
doubt,  that  Newton's  rings  result  from  the  interferean  if 
ihe  light  reflected  from  the  surfaces  apparently  in  cooImL' 
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'  KotwithstandiDg  ihe  successful  adaptation  of  the  undu- 
latoiy  system  to  phenomena,  the  dispersion  of  light  for  a 
long  time  ofibred  a  formidable  objection  to  that  theory^ 
which  has  only  been  removed  during  the  present  year  by 
Professor  Powel  of  Oxford. 

A  sunbeam  falling  on  a  prism,  instead  of  being  refracted 
t&  a  single  point  of  white  light,  is  separated  into  its  com- 
ponent colours^  which  are  dispersed  or  scattered  unequally 
•ver  a  considerable  space,  of  which  the  portion  occupied 
by  the  red  rays  is  the  least,  and  that  over  which  the  violet 
rays  are  dispersed  is  the  greatest.  Thus  the  rays  of  the 
eoloured  spectrum  whose  waves  are  of  different  lengths, 
have  different  degrees  of  refrangibility,  and  consequently 
move  with  different  velocities,  either  in  the  medium  which 
conveys  the  light  from  the  sun,  or  in  the  refracting  me- 
dium^ or  in  both ;  whereas  rays  of  all  colours  come  from 
the  sun  to  the  earth  with  the  same  velocity.  If,  indeed, 
the  velocities  of  the  various  rays  were  different  in  space, 
the  aberration  of  the  fixed  stars,  which  is  inversely  as  the 
Telocity,  would  be  different  for  different  colours,  and  every 
star  would  appear  as  a  spectrum  whose  length  would  be 
parallel  to  the  direction  of  the  earth*s  motion,  which  is  not 
found  to  agree  with  observation.  Besides  there  is  no  such 
di£ference  in  the  velocities  of  the  long  and  short  waves  of 
air  in  the  analogous  case  of  sound,  since  notes  of  the  lowest 
and  highest  pitch  are  heard  in  the  order  in  which  they 
fire  struck.  In  fact,  when  the  sunbeam  passes  from  air 
into  the  prism  its  velocity  is  diminished,  and  as  its  refrac- 
tion and  consequently  its  dispersion  depend  solely  upon 
the  diminished  velocity  of  the  transmission  of  its  waves, 
they  ought  to  be  the  same  for  waves  of  all  lengths,  unless 
a  connexion  exists  between  the  length  of  a  wave,  and  the 
velocity  with  which  it  is  propagated.  Now  this  connexion 
between  the  length  of  a  wave  of  any  colour  and  its  NeVidN.^ 
or  vtUstTigibility  in  a  given  medium,  has  \)eeiv  Oie^XLC.^^  Vj 
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Proressor  Powell  from  M.  Cauchy'a  investigitioiiB  of  the 
properties  of  light  on  a  peculiar  modification  of  the  na- 
dulatory  hypothesiB.  Hence  the  refrangihilily  of  the 
TariouG  coloured  rays  computed  from  this  rehttion  for  a.af 
given  medium,  when  compared  with  thetr  refrangihilily  in 
the  same  medium  determined  by  actual  ohservatioD,  will 
show  whether  tlie  disperaion  of  hght  comes  under  the  law» 
of  that  theory.  But  in  order  to  accompliEh  this,  it  is  clear 
that  the  length  of  the  waves  should  be  found  independemlf 
of  refraction,  and  a  very  beautiful  discovery  of  M.  Frtun- 
hofer  furnishes  the  means  of  doing  «o. 

That  philosopher  ohlained  a  perfectly  pure  and  compieW 
coloured  spectrum,  with  all  its  dark  aiid  bright  lines  by  the 
interference  of  light  alone,  from  a  sunlieam  passing  through 
a  Eeries  of  fine  parallel  wires  covering  the  object  glass  of  a 
telescope.  In  this  spectrum,  formed  independently  of 
prismatic  refraction,  the  positions  of  tile  coloured  Tay«  de- 
pend only  on  the  lenglhs  of  their  waves,  and  M.  FraunhofET 
found,  that  the  intervals  betvfeen  them  are  predsely  p»- 
portional  to  the  dififerences  of  these  lengths,  Hemeamitd 
the  lengths  of  the  waves  of  the  different  colours  at  ttrm 
fixed  points,  determined  by  seven  of  the  principal  daik 
and  bright  lines.  Professor  Powell  availing  himself  rf 
these  measures,  has  made  the  requisite  computations,  and 
has  fonnd,  that  the  coincidence  of  theory  with  obaervaliM 
is  perfect  for  ten  substances  whose  refrangibility  had  be«* 
previously  determined  by  the  direct  measurements  of  Jf> 
Frannhofer,  and  for  ten  others  whose  refrangibility  luH 
more  recently  been  ascertained  by  M.  Rudberg.  Thus,  in 
the  case  of  seven  rays  in  each  of  twenty  different  substanas 
solid  and  fluid,  the  dispersion  of  light  takes  place  according 
to  the  laws  of  the  undulatory  theory  ;  and  aa  there  can 
hardly  be  a  doubt  that  dispersion  in  all  other  bodies  wiQ 
be  found  to  fcdiow  the  same  law,  the  undulatory  theory  of 
light  may  now  be  regatdel  as  coio.'^'w^i  «M;i2dub«d.    U 
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is,  howeyer^  an  express  condition  of  the  connexion  between 
the  yelodty  of  light  and  the  length  of  its  undulations^  that 
the  intervals  between  the  vibrating  molecules  of  the  ethereal 
fluid  should  bear  a  sensible  relation  to  the  length  of  an 
undulation.  The  coincidence  of  the  computed  with  the 
observed  refractions  show^  that  this  condition  is  fulfilled 
within  the  refracting  media ;  but  the  aberration  of  the  fixed 
stars  leads  to  the  inference  that  it  does  not  hold  in  the 
ethereal  regions^  where  the  velocities  of  the  rays  of  all  colours 
are  the  same. 
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SECTION  XXIV- 


Ic  IB  not  by  vidon  alone  [hat  a  knowledge  of  ii\e  mn'a 
ra^B  ia  acqnired,  —  touch  proves  that  they  have  the  power 
of  raising  the  temperature  of  substances  exposed  to  their 
action  ;  and  experience  likewise  teaches  that  remarkablt 
changes  are  effected  by  their  chemicai  agency.  Sir  WiOua 
Herschel  discovered  that  rays  of  caloric  which  produce  dM 
sensation  of  heat,  exist  in  the  aolar  cpectnim  indepaidoi^ 
of  those  of  light ;  when  he  used  a  prism  of  flint  f^tM,  he 
found  the  warm  rays  most  abundant  in  the  dark  space  a  Utdt 
beyond  the  red  extremity  of  the  spectrum,  that  from  tbac* 
they  decrease  towards  the  violet,  beyond  which  they  are  in- 
sensihle.  It  may  therefore  be  concluded,  that  the  caLxifle 
tay«  vary  in  refrangibility,  and  that  those  beyond  the  «»■ 
tieme  red  are  less  refrangible  than  any  rays  of  light 
Dr.  Wollaston  and  MM.  Bitter  and  Beckman  diacorotd 
simultaneously,  that  invisible  rays,  known  only  by  Adr 
chemical  action,  exist  in  the  dark  space  beyond  the  extrOK 
violet  where  there  is  no  sensible  heat.  These  are  man 
refrangible  than  any  of  the  rays  of  light  or  heat,  and  gn- 
doally  d«cieaae  in  ceftan^hiUty  towards  the  other  end  tt 
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iStie  spectrum  where  they  cease.  Thus  the  solar  spectruni 
is  proved  to  consist  of  five  superposed  spectra^  only  three 
of  which  are  visible  —  the  red^  yeUow^  and  blue  ;  each  of 
the  five  varies  in  refrangibility  and  intensity  throughout 
the  whole  extent,  the  visible  part  being  overlapped  at  one 
extremity  by  the  chemical^  and  at  the  other  by  the  calorific 
xays.  The  action  of  the  chemical  rays  blackens  the  salts 
of  silver^  and  their  influence  is  daily  seen  in  the  fading  of 
vegetable  colours.  What  object  they  are  destined  to  ac- 
complish in  the  economy  of  nature  remains  unknown  ;  but 
eertain  it  is^  that  the  very  existence  of  the  animal  and 
y^etable  creation  depends  upon  the  calorific  rays.  That 
the  heat^produdng  rays  exist  independently  of  light,  is  a 
matter  of  constant  experience  in  the  abundant  emission  of 
them  from  boiling  water.  Yet  there  is  every  reason  to 
believe  that  both  the  calorific  and  chemical  rays  are  modi- 
fications of  the  same  agent  which  produces  the  sensation 
of  light.  Rays  of  heat  dart  in  diverging  straight  lines  from 
flame^  and  from  each  point  in  the  surfaces  of  hot  bodies^ 
in  the  same  manner  as  diverging  rays  of  light  proceed  from 
every  point  of  the  surfaces  of  such  as  are  luminous.  Ac- 
cording to  the  experiments  of  Sir  John  Leslie^  radiation 
proceeds  not  only  from  the  surfaces  of  substances^  but  also 
from  the  particles  at  a  minute  depth  below  it.  He  found 
that  the  emission  is  most  abundant  in  a  direction  perpen- 
dicular to  the  radiating  surface^  and  that  it  is  more  rapid 
from  a  rough  than  from  a  polished  surface ;  radiation^ 
however,  can  only  take  place  in  air  and  in  vacuo ;  it  is  al- 
together imperceptible  when  the  hot  body  is  inclosed  in  a 
solid  or  liquid.  Heated  substances  when  exposed  to  the 
open  air^  continue  to  radiate  caloric  till  they  become  nearly 
of  the  temperature  of  the  surrounding  medium.  The 
radiation  is  very  rapid  at  firsts  but  diminishes  according  to 
a  known  law  with  the  temperature  of  the  heated  body.  It 
appears^  also^  that  the  radiating  power  of  a   surface   is 
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uivergely  as  its  reflecting  power;  and  bodieB  Aat  we  mOBt 
impermeable  to  heat  radiate  least. 

RajB  of  bc-atj  whether  thej  proceed  from  the  sun,  from 
flame,  or  other  terrestrial  sources  luminous  or  non-lurai- 
Doae,  are  instantaneauely  transmitted  through  solid  and 
liquid  EubstaDces,  there  being  no  appreciable  difierenee  in 
the  time  they  take  to  pass  through  layers  of  any  nature  01 
thickness  whatever.  They  paas  also  with  the  Bame  {icilit]i 
whether  the  media  be  agitated  or  at  rest ;  and  in  theae 
respects  the  analogy  between  light  and  heat  it  perfect. 
Radiant  heat  passes  through  the  gases  wiih  the  same  facility 
u  light ;  but  a  remarkable  difference  obtains  in  the  trsn»- 
inissioQ  of  light  and  beat  ihrungh  moat  solid  and  liquid 
■ubstanceB,  the  same  body  being  often  perfectly  permeable 
to  the  luminous,  and  altogether  impermeable  to  the  calorifle 
rays.  For  example,  thin  and  perfectly  transparent  pUtei 
of  alum  and  dtric  acid  sensibly  transmit  all  the  rays  of 
light  from  an  argand  lamp,  but  stop  eight  or  nine  tenths  of 
the  concomitant  heat ;  whilst  a  large  piece  of  brown  iod> 
crystal  gives  a  free  passage  to  the  radiant  heat,  but  inttr- 
cepU  almost  all  the  light.  M.  Melloni  has  established  tiM 
general  lair  in  uncrystaUiaed  substances  such  aa  glan  and 
liquids,  that  the  property  of  instantaneously  transmittiBg 
heat  is  in  proportion  to  their  refractive  powers.  Tbeliv, 
however,  is  entirely  at  fault  in  bodies  of  a  crystalline  Id' 
ture.  Carbonate  of  lead,  for  inatance,  vhich  is  goIoutImIi 
and  poaseases  a  yeiy  high  refractive  power  with  regard  !• 
light,  transmits  less  radiant  heat  than  Iceland  apai  or  rod- 
crystal,  which  are  very  inferior  to  it  in  the  order  of  Te&n< 
gilulity ;  whilst  rock-salt,  which  has  the  same  traosparaDCf 
and  refractive  power  with  alum  and  citric  add,  tranmiii 
ux  or  eight  times  as  niach  caloric.  This  remarkable  dit 
ference  in  the  transmitsive  power  of  substances  havinf;  tht 
same  appearance,  is  attributed  by  M. Melloni  to  their  07** 
ttUiae  fona,  and  not  to  the  ^twni\£^  «i»&^nu!iMa.  id  ihiii 
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molecules^  as  the  following  experiments  prove.  A  block 
of  common  salt  cut  into  plates^  entirely  excludes  calorific 
radiation :  yet  when  dissolved  in  water^  it  increases  the 
transmissive  power  of  that  liquid:  moreover  the  trans- 
missive  power  of  water  is  increased  in  nearly  the  same 
degree,  whether  salt  or  alum  be  dissolved  in  it ;  yet  these 
two  substances  transmit  very  different  quantities  of  heat 
in  their  solid  state.  Notwithstanding  the  influence  of 
crystallisation  on  the  transmissive  power  of  bodies,  no 
relation  has  been  traced  between  that  power  and  the  crys« 
Ulline  form. 

The  transmission  of  radiant  heat  is  analogous  to  that  of 
]Ught  through  coloured  media.  AVlien  common  white  lights 
(consisting  of  blue^  yellow^  and  red  rays^  passes  through  a 
led  liquid,  almost  all  the  blue  and  yellow  rays  and  a  few 
of  the  red^  are  intercepted  by  the  first  layer  of  the  fluid  ; 
fewer  are  intercepted  by  the  second^  still  less  by  the  thirds 
and  so  on ;  till  at  last  the  losses  become  very  small  and 
invariable^  and  those  rays  alone  are  transmitted  which  give 
the  red  colour  to  the  liquid.  In  a  similar  manner^  when 
plates  of  the  same  thickness  of  any  substance^  such  as  glass^ 
are  exposed  to  an  argand  lamp,  a  considerable  portion  of 
the  radiant  heat  is  arrested  by  the  flrst  plate^  a  less  portion 
by  the  second^  still  less  by  the  thirds  and  so  on,  the  quan- 
tity of  lost  heat  decreasing  till  at  last  the  loss  becomes 
a  constant  quantity.  The  transmission  of  radiant  heat 
through  a  solid  mass  follows  the  same  law.  The  losses  are 
very  considerable  on  first  entering  it^  but  they  rapidly  di- 
minish in  proportion  as  the  heat  penetrates  deeper,  and 
become  constant  at  a  certain  depth.  Indeed  the  only  dif. 
ference  between  the  transmission  of  radiant  heat  through  a 
solid  mass^  or  through  the  same  mass  when  cut  into  plates 
of  equal  thickness^  arises  from  the  small  quantity  of  heat 
that  is  reflected  at  the  surface  of  the  plates.  It  U  es\^^xi\., 
therefore,  that  the  beat  gradually  lost  ia  liot  i\i\j»^i&^\j&^  ^^ 
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the  surface,  but  absorbed  in  tbe  iDterior  of  the  substance. 
and  that  heat  nhich  has  passed  through  one  stratum  of 
air  experiences  a  3ess  absorption  in  each  of  the  succeeding 
Blrata,  and  may  tlierefore  be  propagated  to  a  greater  dis- 
tance before  it  is  eKtinguiehed.  The  experiments  of 
id.  de  Laroche  show,  that  glass,  however  thin,  totally  in- 
tercepts the  obscure  rays  of  caloric  when  they  flow  fcoln 
B  body  whose  temperature  is  lower  than  that  of  boiling 
water  ;  that  as  the  temperature  increases,  the  calorific  rays 
Are  transmitted  more  and  more  abundantly  ;  and  when  the 
body  becomes  highly  luminous,  that  they  penetrate  the 
glass  with  perfect  ease.  The  extreme  brilliancy  of  the  sun 
is  probably  the  reason  why  his  heat,  when  brought  to  ■ 
focus  by  a  lens,  is  more  intense  than  any  that  has  been 
produced  ardficially.  It  la  owing  to  the  same  cause  Hut 
glass  screens,  which  entirely  exclude  the  heat  of  a  eomoion 
fire,  are  permeable  by  the  solar  caloric. 

The  residts  obtained  by  M.  ilc  Laroche  have  been  con- 
firmed hy  the  recent  experiments  of  M.  MeUoni  on  caloric 
radiated  from  sources  of  different  temperatures,  whence  it 
appears  that  the  calorific  rays  pass  less  abundantly  not  only 
through  glass,  but  through  rock-crystal,  Iceland-spar,  ud 
other  diaphanous  bodies  both  sohd  and  liquid^  according 
as  the  temperature  of  their  origin  is  diminished,  and  thd 
ihey  are  altogether  intercepted  when  the  temperature  fa 
about  that  of  boiling  water. 

1^  Id  fact  he  has  proved,  that  the  heat  emanating  ttom  tbr 
sun  or  from  a  bright  flame,  consists  of  rays  which  diffh 
from  each  other  as  much  as  the  red,  yellow,  and  blue  nji 
do  which  constitute  white  light.  This  explains  the  retsm 
of  the  losses  of  heat  as  it  penetrates  deeper  and  deeper  into 
a  solid  mass,  or  in  passing  through  a  series  of  plates ;  tor, 
of  the  different  kinds  of  rays  which  dart  from  a  lirid 
flame,  all  are  successively  extinguished  by  the  absorUng 
flsture  of  the  sntatt&nce  feiowsga  "«V\^  ftwj  ^m^^SttbiM 
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homogeneous  rays  alone  remain  which  liaye  the  greatest 
facility  in  passing  through  that  particular  substance; 
exactly  as  in  a  red  liquid  the  blue  and  yellow  rays  are 
extinguished^  and  the  red  are  transmitted. 
•  M.  Melloni  employed  four  sources  of  caloric,  two  of 
which  were  luminous^  and  two  obscure;  namely^  an  oil 
lamp  without  a  glass,  incandescent  platina,  copper  heated 
to  696^,  and  a  copper  vessel  filled  with  water  at  the  tem- 
perature of  178  J°  of  Fahrenheit.  Rock-salt  transmitted 
heat  in  the  proportion  of  9^  rays  out  of  100  from  each  of 
these  sources  ;  but  all  other  substances  pervious  to  radiant 
heat,  whether  solid  or  liquid,  transmitted  more  caloric  from 
sources  of  high  temperature  than  from  such  as  are  low« 
For  instance,  limpid  and  colourless  fluate  of  lime  trans- 
Biitted  in  the  proportion  of  78  rays  out  of  100  from  the 
luapf  69  from  the  platina,  42  from  the  copper,  and  3S 
from  the  hot  water ;  while  transparent  rock-crystal  trans-* 
mitted  38  rays  in  100  from  the  lamp,  28  from  the  platina, 
6  from  the  copper,  and  9  fro™  the  hot  water.  Pure  ice 
transmitted  only  in  the  proportion  of  6  rays  in  the  100 
£rom  the  lamp,  and  entirely  excluded  those  from  the  other 
4hree  sources.  Out  of  39  difierent  substances,  34  were 
previous  to  the  calorific  rays  from  hot  water,  14  excluded 
tiiose  from  the  hot  copper,  and  4  did  not  transmit  those 
from  the  platina. 

Thus  it  appears  that  heat  proceeding  from  these  four 
sources  is  of  different  kinds :  this  difference  in  the  nature 
of  the  calorific  rays  is  also  proved  by  another  experiment, 
"which  will  be  more  easily  understood  from  the  analogy  of 
light.  Red  light  emanating  from  red  glass,  will  pass  in 
abundance  through  another  piece  of  red  glass,  but  it  will 
be  absorbed  by  green  glass :  green  rays  will  more  readily 
pass  through  a  green  medium  than  through  one  of  any 
other  colour.  This  holds  with  regard  to  all  colours  •,  «i  vsv 
iieat .    R/17S  of  caloric  of  the  same  inteneil^  \i\iAOcL  Vv^^ 
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passed  through  Jifferent  subBUtices,  are  transmitted  in  dif- 
ferent quantities  by  the  sirae  piece  of  alum,  and  are  BOin&- 
tiinea  slopped  altogether ;  showing  that  rays  which  emanate 
from  diSerent  substances  possess  differeDt  qualitiei.  ll 
appears  that  a  bright  flame  furnishes  rays  of  heat  of  all 
kinds,  in  the  same  manner  as  it  gives  light  of  all  colours;  , 
and  as  coloured  media  transmit  some  coloured  rays  and 
absorb  the  rest,  so  bodies  transniil  some  rays  of  calorie  and 
exclude  the  others.  Rock-salt  alone  resembles  colourle* 
transparent  media  in  transmitting  all  kinds  of  caloric,  even 
the  beat  of  the  hand,  just  as  they  transmit  white  Ugh^  t 
consisting  of  rays  of  all  colours. 

The  property  of  transmitting  the  caloriHc  rays  dimi-> 
nishes  to  a  certain  degree,  with  the  thickness  of  the  hodj 
they  have  to  traverse,  but  not  so  much  as  might  be  eX' 
pected,  A  piece  of  very  transparent  alum  transmitted 
three  or  four  times  less  radiant  beat  from  the  flame  of  >  i 
lamp  than  a  piece  of  nearly  op;ique  quarts  about  a  hundred 
times  as  thick.  However,  the  influence  of  thickneai  upoa 
the  phenomena  of  transmission  increasea  with  the  decrcMt 
of  temperature  in  the  ori^n  of  the  rays,  and  becoOMi 
very  great  when  that  temperature  is  low.  Thit  is  ■  a* 
GuinalaBce  inUmalety  connected  with  the  law  estkbUAtd 
by  M.  de  Laroche ;  for  M.  Mellon!  observed  that  At 
difference  between  the  quantities  of  caloric  transnitttd 
by  the  same  plate  of  glass,  exposed  succetaively  to  wrenl 
sources  of  heat,  diminished  with  the  thinness  of  the  plal^ 
and  vanished  altogether  at  a  certain  limit;  and  that  a  fiha 
of  mica  transmitted  the  same  quantity  of  caloric,  whether 
it  was  exposed  to  incandescent  platina  or  to  a  masi  of  im 
heated  to  360°. 

Cidoured  glasses  transmit  rays  of  light  of  certain  6»- 
grees  of  lefrangibility,  and  absorb  those  of  other  d^^icMi 
For  example,  red  glass  absorbs  the  more  refrangiUc  ray^ 
and  iraiiBmitg  the  red,  which  are  the  least  refiangible.   Ob 
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die  contrary^  Yiolet  glass  absorbs  the  least  refrangible^  and 
transmits  the  yiolety  which  are  the  most  refrangible.  Now 
M.  Mdloni  has  founds  that  although  the  colouring  matter 
of  glass  diminishes  its  power  of  transmitting  heat,  yet  red^ 
0iB,nge,  yellow^  blue,  yiolet^  and  white  glass  transmit  calo^ 
irific  rays  of  all  d^prees  of  refrangibility.  Whereas  greoi 
f^asB  possesses  the  peculiar  property  of  transmitting  the 
least  refrangible  calorific  rays^  and  stopping  those  that  are 
iM>st  refrangible.  It  has  therefore  tl^e  same  elective  action 
for  heat  that  coloured  glass  has  for  h'ght^  and  its  action  on 
heat  is  analogous  to  that  of  red  glass  on  light.  Alum^  and 
sulphate  of  lime^are  exactly  opposed  to  green  glass  in  their 
action  on  heat^  by  transmitting  the  most  refrangible  rays 
with  the  greatest  facility. 

The  heat  which  has  already  passed  through  green  or 
plaque  black  glass  will  not  pass  through  alura^  whilst  that 
which  has  been  transmitted  through  glasses  of  other  colours 
tniTerses  it  readily. 

By  reversing  the  experiment^  and  exposing  difierent  sub- 
stances  to  caloric  that  had  already  passed  through  alum, 
M.  Melloni  found  that  the  heat  emerging  from  alum  is 
almost  totally  intercepted  by  opaque  substances,  and  is 
abundantly  transmitted  by  all  such  as  are  transparent  and 
colourless^  and  that  it  suffers  no  appreciable  loss  when  the 
thickness  of  the  plate  is  varied  within  certain  limits.  The 
properties  of  the  heat  therefore  which  issues  from  alum, 
nearly  approach  to  those  of  light  and  solar  heat. 

Radiant  heat,  in  traversing  various  media^  is  not  only 
rendered  more  or  less  capable  of  being  transmitted  a  second 
time;  but  according  to  the  experiments  of  Professor  Powell, 
it  becomes  more  or  less  susceptible  of  being  absorbed  in 
difierent  quantities  by  black  or  white  surfaces. 

M.  Melloni  has  proved^  that  solar  heat  contains  rays 
which  are  affected  by  difi*erent  substances  in  the  same  way 
as  if  the  heat  proceeded  from  a  terrestrial  source ;  whence 
&e  concludes,  that  the  difference  observed  betN7Qe;\i  \2ca 
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I  of  terreslrial  and  solar  beat  arisee  from  the 
\s  of  solar  hesC  coatainiag  all  kinds  of  ciioii^ 
whilst  in  other  aourcea  some  of  the  kinds  are  wanting. 

Radiant  heat,  from  sources  of  any  temperature  whatevet^ 
is  subject  to  the  same  laws  of  reflectioD  and  refraction  v 
rays  of  lighL  The  index,  of  re&action  from  a  prism  of 
rock-salt  determined  experimentally,  ia  nearly  the  sime  far 
light  and  heat. 

Liquids,  the  various  kinds  of  glass,   and  probably  aB 
substances  whether  soUd  or  liquid   tbat  do  not  crysiallin   i 
regularly,  are  more  pervious  to  the  calorific  rays  according    j 
as  they  possess  a  greater  refractive  power.      For  example^   ' 
the  chloride  of  sulphur  which  hus  a  high  refractive  poira>,l 
transmits  more  of  the  calorific  rays   than  the  oils  whic^il 
have  a  less  refractive  power :  oils  transmit  more  ndiuitJ 
heat  than  the  acids ;  the  acids  more  than  aqueous  soittal 
tions ;  and  the  latter  more  than  pure  water,  which  of  il|^ 
the  Eiiries  has  the  least  refractive  power,  and  is  thi'  least 
perviouB   to  heat.      M.   Melloni  observed  also,   that  eadi 
ray  of  the  solar  spectrum   follows  the  same  law  of  aetiM 
with  that  of  terrestrial  rays  having  their  origin  in  soniM 
of  different  temperatures  ;  so  that  the  very  refrangible  njt 
may  be  compared  to  the  beat  emanating  from  a  focwof 
high  temperature,  and  the  least   refrangible .  to  the  batt 
which  Domes  from  a  source  of  low  temperature.     Thui,  if 
the  calorific  rays  emerging  from  a  prism  be  made  to  pi* 
through  a  layer  of  water  contained  between  two  plalctff 
glass,  it  will  be  found  that  these  rays  su^  a  loM  ii 
passing  through  the  liquid,  as  much  greater  as  tbeit  n/ 
frangibility  is  leas.     The  rays  of  heat  that  are  mixed  wilk 
the  blue  or  violet  light  pats  in  great  abundance,  wlik 
those  in  the   obscure   part  which  follows  the  red  li^ 
are  abnoat  totally  intercepted.     The  first,  therefore,  act 
like  the  heat  of  a  lamp,  and  the  last  like  that  of  bdlfsf 

Tbeae  circumaUnceR  «^'i»a  &«  >^tiwiwaeo», 
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ff  seyeral  philosophers  with  regard  to  the  point  of  greatest 
leat  in  the  solar  spectrum^  which  varies  with  the  substance 
»f  the  prism.  Sir  William  Herschel^  who  employed  a 
irism  of  flint  glass^  found  that  point  to  be  a  little  beyond 
he  red  extremity  of  the  spectrum ;  but  according  to  M. 
ieeheck^  it  is  found  to  be  upon  the  yellow,  upon  the  orange^ 
m  the  red^  or  at  the  dark  limit  of  the  red^  according  as 
he  prism  consists  of  water^  sulphuric  acid^  crown  or  flint 
pkuBs.  If  it  be  recollected  that  in  the  spectrum  froni 
xown  glass^  the  maximum  heat  is  in  the  red  part,  and  that 
he  solar  rays  in  traversing  a  mass  of  water^  suffer  losses 
HTcrsely  as  their  refrangibility^  it  will  be  easy  to  under- 
tand  the  reason  of  the  phenomenon  in  question.  The 
olar  heat  which  comes  to  the  anterior  face  of  the  prism  of 
rater  consists  of  rays  of  all  degrees  of  refrangibility. 
^ow,  the  rays  possessing  the  same  index  of  refraction  with 
he  red  lights  suffer  a  greater  loss  in  passing  through  the 
(lism  than  the  rays  possessing  the  refrangibility  of  the 
range  light,  and  the  latter  lose  less  in  their  passage  than 
he  heat  of  the  yellow.  Thus  the  losses,  being  inversely 
troportional  to  the  degree  of  refrangibility  of  each  ray, 
ause  the  point  of  maximum  heat  to  tend  from  the  red  to- 
wards the  violet,  and  therefore  it  rests  upon  the  yellow  part. 
!lie  prism  of  sulphuric  acid  acting  similarly,  but  with 
MW  energy  than  that  of  water,  throws  the  point  of  greatest 
eat  on  the  orange ;  for  the  same  reason,  the  crown  and 
int  glass  prisms  transfer  that  point  respectively  to  the 
id  and  to  its  limit.  M.  Melloni,  observing  that  the  maxi- 
lum  point  of  heat  is  transferred  farther  and  farther  to- 
wards the  red  end  of  the  spectrum,  according  as  the 
ibfitance  of  the  prism  is  more  and  more  permeable  to  heat^ 
iferred  that  a  prism  of  rock-salt,  which  possesses  a  greater 
3wer  of  transmitting  the  calorific  rays  than  any  known 
jdy,  ought  to  throw  the  point  of  greatest  heat  lo  «l  cow- 
derable  distance  beyond  the  visible  part  o£  l\ie  s^^tVcMxci, 
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— an  anticipation  which  experiment  fully  conRttned,  1^ 
placing  il  ss  much  beyond  the  dark  limits  of  the  ted  raj^' 
aa  the  red  part  h  distant  from  the  hlnisb  green  band  of  iht 
Bpeetrum. 

In    all    these    experiments,    M.    Melloni    employed 
therm o-miilti pi ier,  - —  an    instrument   that   mi^asures  i 
intensity  of   the   Iransmitled   beat    with   an   accuracy  Etf 
beyond  what  any  thermomeler  ever  attained, 
elegant  application  of  M.  Seebeck's  discovery  of  tbenoo* 
electricity ;  but  the  description  of  this  instrument 
served  for  a  future  occasion,  because  the  principle  on 
it  is  consti'ucted  has  not  yet  been  explained. 

In  the  beginning  of  the  present  century,  not  long  aflit 
M.  Midus  had  discovered  the  polarization  of  light,  he  anl 
M.  Berard  proved  that  the  heat  which  accompanies  lit 
Bun'a  light  is  capable  of  being  polarized ;  but  their  i^ 
tempts  totally  failed  with  heat  derived  from  terreiniA 
and  especidly  frdin  non-luiniiious  sources.  M.  Ber»rd, 
indeed,  imagined  that  he  had  succeeded  ;  but  vrlien  bii 
experiments  were  repealed  by  Mr,  Lloyd  and  Profewr 
Powell,  UD  satisfactory  result  could  be  obtained.  M.  Uel- 
loni  lalely  resumed  the  subject,  and  endeavoured  to  lAd 
the  polarization  of  heat  by  tourmaline,  as  in  the  cur  tf 
light.  It  was  already  shown  that  two  shces  of  tounU' 
line  cut  parallel  to  the  axis  of  the  crystal,  transmit  a  gnM 
portion  of  the  incident  light  when  looked  through  ifilb 
their  axes  parallel,  and  almost  entirely  exclude  il  nbn 
they  are  perpendicular  to  one  another.  Should  radiul 
heat  be  capable  of  polarization,  the  quantity  transmiiv' 
by  the  slices  of  tourmaline  in  their  former  posiiion  M>^' 
g;really  to  exceed  that  which  passes  through  them  in  ih 
latter,  yet  M.  Melloni  found  that  the  quantity  of  W 
was  the  same  in  both  cases:  whence  he  inferred  llm 
he«I  from  a  terrestria!  source  ia  incapable  of  being  polar- 
wed.     ProfesKOt  ¥oi\k5  ot  MidoaT^,  ^iW  has  n<xnij 
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prosecuted  this  subject  with  great  acuteness  and  success^ 
came  to  the  same  conclusion  in  the  first  instance ;  but  it 
occurred  to  him^  that  as  the  pieces  of  tourmaline  became 
heated  by  being,  very  near  the  lamp,  the  secondary  radia- 
tion from  them  rendered  the  very  small  difference  in  the 
beat  that  was  transmitted  in  the  two  positions  of  the  tourma- 
lines imperceptible.  The  same  conclusion  had  been  come 
at  by  M.  Melloni ;  nevertheless  Mr.  Forbes  succeeded  in 
proving  by  numerous  observations,  that  heat  from  various 
sources  was  polarized  by  the  tourmaline ;  but  that  the 
effect  with  non-luminous  heat  was  very  minute  and  dif- 
ficult to  perceive,  on  account  of  the  secondary  radiation. 
.Though  light  is  almost  entirely  excluded  in  one  position 
of  the  tourmalines,  and  transmitted  in  the  other^  a  vast 
^piantity  of  radiant  heat  passes  through  them  in  all  posi- 
tions. Eighty-four  per  cent,  of  the  heat  from  an  argand 
lamp  passed  through  the  tourmalines  in  the  case  where 
Hght  was  altogether  stopped.  It  is  only  the  difference  in 
the  quantity  of  transmitted  heat  that  gives  evidence  of  its 
polarization.  The  second  slice  of  tourmaline,  when  per- 
pendicular to  the  first,  stops  all  the  light  but  transmits  a 
great  proportion  of  heat ;  alum,  on  the  contrary,  jtops 
almost  all  the  heat  and  transmits  the  light ;  whence  it 
inay  be  concluded  that  heat,  though  intimately  partaking 
the  nature  of  light,  and  accompanying  it  under  certain 
circumstances,  as  in  reflection  and  refraction,  is  capable 
of  almost  complete  separation  from  it  under  others.  The 
separation  has  since  been  perfectly  effected  by  M.  Melloni, 
by  passing  a  beam  of  light  through  a  combination  of  water 
and  green  glass,  coloured  by  the  oxyde  of  copper.  Even 
when  the  transmitted  light  was  concentrated  by  lenses,  so  as 
to  render  it  almost  as  brilliant  as  the  direct  light  of  the  sun, 
it  showed  no  sensible  heat. 

Professor  Forbes  next  employed  two  bundles  oi  \KBiYCkSfc 
of  jnJatj  placed  at  the  polarizing  angle,  and  &o  caX.  ^Cc^aX  "^^ 
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plane  of  incidence  of  ihe  heat  cotTesponiled  with  one  of 
tile  optic  axes  of  tbij  mineral.  The  heat  transmitted 
through  this  apparatus  was  polarized  when  from  a  e 
whose  temperature  was  even  as  tow  as  200°.  Heat  wu 
also  polarized  hy  reflection  ;  hut  the  experiments,  ihoagfa 
perfectly  EueceEaful,  are  more  difficult  to  conduct. 

It  appears  from  the  various  experiments  of  M.  M«lloid 
and  IVofessor  Forbes,  that  all  the  calorific  rayt  emanating 
from  the  sun  anil  terrestrial  sourees,  are  equally  capablf  of 
beirg  poiarinetl  by  reflection  and  hy  refraction,  whetbef 
double  or  simple,  and  that  they  are  also  capable  of  cirrulif 
polarization  by  all  (he  methods  employed  in  the  circulv  ' 
palari^alion  of  light.  Plates  of  quartz  cut  at  ri;;ht  aoglH 
to  the  axis  of  the  prism,  poasess  the  property  of  tumiiif 
the  calorific  rays  in  any  direction,  nhile  other  plates  of  ike 
same  substance  from  a  diffiirently  modified  prism,  09 
the  rays  to  rotate  in  the  contrary  direction  ;  and  two  pllM 
combined,  when  of  different  affection,  and  of  equal  thicl- 
iiess,  counteract  each  otlier'E  effects  as  in  the  case  of  light 
Tourmaline  separates  the  caloric  into  two  parts,  one  rf 
which  it  absorbs,  while  it  transmits  the  other ;  in  short,  the 
transmission  of  radiant  heat  is  precisely  similar  to  that  tt 

light. 

Since  heat  is  polarized  in  the  same  manner  as  light,  it 
may  be  expected  that  polarized  heat  transmitted  throngli 
doubly  refracting  substances  should  be  separated  into  t** 
pencils,  polarised  in  planes  at  right  angles  to  each  ottwi 
and  that  when  received  on  an  analysing  plate  they  shovU 
interfere  and  produce  invisible  phenomena,  perfectly  iiuli^ 
gous  to  those  described  in  Chapter  XXII.  with  regard  I* 
light  1 

It  was  shown  in  the  same  chapter,  that  if  light  polarii' 
by  reflection  f^m  a  pane  of  glass  be  viewed  throogfa  ■ 
plate  of  tourmaline,  with  its  longitudinal  section  vertiesl. 


or.  xxir.         poLARizATiorr  of  caloric.  245 

I  obscure  cloudy  with  its  centre  wholly  dark,  is  seen  on 
e  glass.  When,  however,  a  plate  of  mica  uniformly 
out  the  thirteenth  of  an  inch  in  thickness,  is  interposed 
tween  the  tourmaline  and  the  glass,  the  dark  spot 
.nishes,  and  a  succession  of  very  splendid  colours  are 
en  ;  and  as  the  mica  is  turned  round  in  a  plane  perpen- 
cular  to  the  polarized  ray,'  the  light  is  stopped  when  the 
uie  containing  the  optic  axis  of  the  mica  is  parallel  or 
Tpendicular  to  the  plane  of  polarization.     Now  instead 

light,  if  heat  from  a  non-luminous  source  be  polarized 

the  manner  described,  it  ought  to  be  transmitted  and 
opped  by  the  interposed  mica  under  the  same  circum- 
smces  tmder  which  polarized  light  would  be  transmitted 
stopped.  Professor  Forbes  has  found  that  this  is  really 
e  case,  whether  he  employed  heat  from  luminous  or 
>n-luminous  sources  :  and  he  had  evidence  also  of  circular 
d  elliptical  polarization  of  heat.  It  therefore  follow» 
at  if  heat  were  visible,  under  similar  circumstances  we 
ould  see  figures  perfectly  similar  to  those  given  in  Note 
^7*>  and  those  following  ;  and  as  these  figures  are  formed 
'  the  interference  of  undulations  of  light,  it  may  be 
ferred  that  heat,  like  light,  is  propagated  by  undulations 

the  ethereal   medium,  which  interfere  under  certain 
nditions,  and  produce  figures  analogous  to  those  of  light. 

appears  also  from  Mr.  Forbes's  experiments,  that  the 
idulations  of  heat  are  probably  longer  than  the  undula- 
»ns  of  light. 

Since  the  power  of  penetrating  glass  increases  in  pro- 
rtion  as  the  radiating  caloric  approaches  the  state  of 
ht,  it  seemed  to  indicate  that  the  same  principle  takes 
5  form  of  light  or  heat  according  to  the  modification  it 
«ives,  and  that  the  hot  rays  are  only  invisible  light ; 
d  light,  luminous  caloric.  It  was  natural  to  infer. 
It  in  the  gradual  approach  of  invisible  caloric  to  the 
idition  and  properties   of  luminous   caloric,  the  invi. 

R  3 


■iUe  rays  muEt  at  fi»t  be  analogous  to  the  least  calorific 
part  of  the  epectrum,  which  in  at  the  violet  extremity, 
—  QD  analogy  which  appeared  to  be  greater,  by  all  flame 
being  at  first  violet  or  blue,  and  only  becomiug  while 
when  it  has  attained  its  greatest  intensity.  Thiu,  u 
diaphonouE  bodies  transmit  light  with  the  same  fadlily 
whether  proceeding  from  the  sua  or  from  a  glow-wonn, 
and  as  no  Euhetanee  had  hitherto  been  found  nhicb 
instantaneously  transmits  radiant  caloric  coming  from  i 
source  of  low  temperature,  it  was  concluded  that  eo 
Bttch  Bubstanoe  exists,  and  the  great  difference  between 
the  transmission  of  light  and  radiant  heat  was  tbuE  re- 
ferred to  the  nature  of  the  agent  of  heat,  and  not  to  the 
action  of  matter  upon  the  calorific  rays.  AI.  Melloni, 
however,  has  discovered  in  ruck-salt  a  EubsCance  which 
transmits  radiant  heat  with  the  same  facility  whellteT  it 
originates  in  the  brightest  flame  or  lukewarm  waMT, 
and  which  consequently  possesses  tlie  same  petnieabilllf 
with  regard  to  heat  that  all  diaphanous  bodies  have  f«c 
lighL  It  follows,  therefore,  that  the  impermeability  of 
glass  and  other  substances  for  radiant  heat  arise*  tnn 
their  action  upon  the  calorific  rays,  and  not  from  the  prio- 
ciple  of  caloric.  But  although  this  discovery  changes  the 
received  ideas  drawn  from  M.  de  Larocbe's  experiraenB, 
it  establishes  a  new  and  unlooked-for  anali^  betwen 
these  two  great  agents  of  nature,  Tnie  it  is  that  thcK- 
paration  of  the  luminous  and  calorific  rays,  show  that  dwj 
must  owe  their  immediate  origin  to  two  difibrent  CWM*, 
at  the  same  time  it  is  quite  pos^ble  that  these  two  aOMt 
themselves  may  be  only  difierent  effects  of  one  single  c»«- 
The  probability  of  light  and  heat  being  modificaUoni  <^  llw 
same  principle  is  not  diminished  by  the  t^orific  rays  bdag 
unseen,  for  the  condition  of  visibility  or  invisilulity  IMJ 
only  depend  upon  the  construction  of  our  eyes,  and  M< 
upon  the  nature  of  the  agent  which  producet  these  ■»»• 
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dons  in  us.  The  sense  of  seeing  may  be  confined  within 
certain  limits.  The  chemical  rays  beyond  the  violet 
end  of  the  spectrum  may  be  too  rapid,  or  not  sufficiently 
excursive  in  their  vibrations  to  be  visible  to  the  human 
eye ;  and  the  calorific  rays  beyond  the  other  end  of  the 
spectrum  may  not  be  sufficiently  rapid^  or  too  extensive, 
m  their  undulations  to  affect  our  optic  nerves^  though 
both  may  be  visible  to  certain  animals  or  insects.  We 
are  altogether  ignorant  of  the  perceptions  which  direct  the 
carrier-pigeon  to  his  home,  or  of  those  in  the  antenns  of 
insects  which  warn  them  of  the  approach  of  danger ;  nor 
can  we  understand  the  telescopic  vision  which  directs  the 
vulture  to  his  prey  before  he  himself  is  visible  even  as  a 
speck  in  the  heavens.^  So  likewise  beings  may  exist  on 
earthy  in  the  air^  or  in  the  waters,  which  hear  sounds  our 
ears  are  incapable  of  hearing,  and  which  see  rays  of  light 
and  heat  of  which  we  are  unconscious.  Our  perceptions 
and  faculties  are  limited  to  a  very  small  portion  of  that 
immense  chain  of  existence  which  extends  from  the  Creator 
to  evanescence. 

The  identity  of  action  under  similar  circumstances  is  one 
of  the  strongest  arguments  in  favour  of  the  common  nature 
of  the  chemical,  visible,  and  calorific  rays.  They  are  all 
capable  of  reflection  from  polished  surfaces,  of  refraction 
through  diaphanous  substances,  of  polarization  by  reflection 
and  by  doubly  refracting  crystals :  none  of  these  rays  add 
sensibly  to  the  weight  of  matter ;  their  velocity  is  pro- 
digious ;  they  may  be  concentrated  and  dispersed  by  con- 
yex  and  concave  mirrors ;  they  pass  with  equal  facility 
through  rock-salt^  and  are  capable  of  radiation ;  the  che- 
mical rays  are  subject  to  the  same  law  of  interference 
with  those  of  light ;  and  although  the  interference  of  the 
calorific  rays  has  not  yet  been  proved  directly,  the  indirect 
evidence  places  it  beyond  a  doubt.    As  the  action  of  matter 

;.  1  Note  £13. 
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in  Eo  many  cases  ia  the  fame  on  the  whole  asaeinblage  of 
rays,  visible  asd  invisible,  which  constitute  a  galai  beam, 
it  is  more  than  probable  that  the  obscure,  as  nell  as  the 
luminoua  part  is  propagated  by  the  undulations  of  an  iia- 
ponJerabie  ether,  and  consequently  comes  under  the  same 
laws  of  ana ty sis. 

During  the  preceding  autumn,  the  author  made  Bonic 
experiments  on  the  tranamission  of  the  chemical  r«j( 
through  transparent  media,  and  found  that  they,  too,  are 
capable  of  being  separated  from  the  rays  of  light.  Green 
glass  coloured  with  the  oxyde  of  copper,  and  about  the  aOth 
of  an  inch  or  tnore  in  thickness,  excludes  the  chemical  cijs; 
and  as  M.  Melloni  has  shown  that  eubstance  to  be  imper- 
viotls  likewise  to  tbe  most  refrangible  calorific  rayt,  it 
possesses  the  property  of  excluding  the  whole  of  the  rant 
refrangible  part  of  the  solar  spectrum,  risible  and  invisiblb 
Green  mica,  when  not  extremely  thin,  is  also  imperriom 
to  (lie  I'beinicBl  rays,  and  various  other  coloured  GubBlaticcs 
exclude  them  in  a  greater  or  lesa  degree ;  but  rock-ult, 
white  i^lass,  white  mica,  emerald,  amethyst,  also  violet  and 
blue  glasses,  and  many  others,  transmit  theiA  in  abundiDce. 
This  independent  existence  of  the  luminous,  calorific,  ai>d 
chemical  rays,  shows  that  they  must  be  produced  by  ihitt 
different  modes  of  undulation  in  the  ethereal  mediuia, 
though  they  may  owe  their  origin  to  one  single  cause. 

When  radiant  heat  falls  upon  a  surface,  part  of  it  ii 
TeBected  and  part  of  it  is  absorbed ;  consequently  the  bat 
reflectors  possess  the  least  absorbing  powers.  The  tem- 
perature of  very  transparent  fluids  is  not  raited  by  tbe 
passage  of  the  sun's  rays,  because  they  do  not  absorb  tBj 
of  them  ;  and  as  hia  heat  is  very  intense,  transparent  tolidi 
arrest  a  very  small  portion  of  it.  The  absorption  of  ibe 
sun's  rays  is  the  cause  both  of  the  colour  and  temperttoR 
of  solid  bodies.  A  black  substance  absorbs  all  the  rayi  of 
light,  and  reflects  none ;  tia^  uq<»  \x.  AikiAa  x\.  iIm  mm 
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time  all  the  calorific  rays,  it  becomes  sooner  warm^  and 
rises  to  a  higher  temperature^  than  bodies  of  any  other 
colour.  Blue  bodies  come  next  to  black  in  their  power  of 
absorption.  Of  all  the  colours  of  the  solar  spectrum, 
the  blue  possesses  least  of  the  heating  power;  and  since 
substances  of  a  blue  tint  absorb  all  the  other  colours  of  the 
spectrum^  they  absorb  by  far  the  greatest  part  of  the  calo- 
rific rays,  and  reflect  the  blue  where  they  are  least  abun- 
dant. Next  in  order  come  the  green,  yellow,  red,  and  last 
of  all,  white  bodies,  which  reflect  nearly  all  the  rays  both 
of  light  and  heat. 

AH  substances  may  be  considered  to  radiate  caloric, 
whatever  their  temperature  may  be,  though  with  different 
intensities,  according  to  their  nature,  the  state  of  their  sur- 
faces, and  the  temperature  of  the  medium  into  which  they 
are  brought.  But  every  surface  absorbs  as  well  as  ra- 
diates caloric ;  and  the  power  of  absorption  is  always 
equal  to  that  of  radiation  ;  for  under  the  same  circum- 
stances, matter  which  becomes  soon  warm  also  cools  rapidly. 
There  is  a  constant  tendency  to  an  equal  diffusion  of 
caloric,  since  every  body  in  nature  is  giving  and  receiving 
it  at  the  same  instant;  each  will  be  of  uniform  temperature 
when  the  quantities  of  caloric  given  apd  received  during 
the  same  time  are  equal,  that  is,  when  a  perfect  compen- 
sation takes  place  between  each  and  all  the  rest.  Our  sen- 
sations only  measure  comparative  degrees  of  heat:  when 
a  body,  such  as  ice,  appears  to  be  cold,  it  imparts  fewer 
calorific  rays  than  it  receives ;  and  when  a  substance  seems 
to  be  warm,  —  for  example,  a  fire,  —  it  gives  more  caloric 
than  it  takes.  The  phenomena  of  dew  and  hoar-frost  are 
owing  to  this  inequaUty  of  exchange ;  the  caloric  radiated 
during  the  night  by  substances  on  the  surface  of  the  earth 
into  a  clear  expanse  of  sky  is  lost,  and  no  return  is  made 
from  the  blue  vault,  so  that  their  temperature  ^iwk^V^om 
that  of  the  air,  whence  they  abstract  a  part  oi  AVx^X  ^^wvc^ 


which  holds  the  stinDspheric  humiiiity  in  solution,  and  a 
deposition  of  dew  takaa  place.  If  the  radiation  be  great, 
the  dew  is  frozen  and  becomes  hoar-frost,  which  is  the  ice 
of  dew.  Cloudy  weather  is  unfavourable  to  the  formation 
of  (lew,  by  preventing  the  free  radiation  of  caloric ;  and 
actual  contact  is  requisite  for  its  deposition,  since  it  ia 
never  suspended  in  the  air  like  fog.  Plants  derive  a 
great  part  of  iheir  nouriahment  from  this  source ;  and 
aa  each  possess  a  power  of  radiation  peculiar  to  itself, 
they  are  capable  of  procuring  a  sufficient  supply  for  theic 

Rain  is  formed  by  the  mvxiTig  of  two  masses  of  air  of 
different  temperatures ;  the  colder  part,  by  abstracting  from 
the  other  the  beat  which  holds  it  in  solution,  occasions 
the  particles  to  approach  each  other  and  form  drops  of 
water,  which  becoming  too  heavy  ta  be  sustained  by  the 
ktmosphere,  sink  to  the  earth  by  gravitation  in  the  form  of 
rain.  The  contact  of  two  strata  of  air  of  iliftorcnt  tem- 
peratures moving  rapidly  in  opposite  directions,  occaiioni 
an  abundant  precipitation  of  rain.  When  the  masae*  of 
air  differ  very  much  in  temperature,  and  meet  suddenly, 
hail  is  formed.  This  happens  frequently  in  hot  plains 
near  a  ridge  of  mountains,  as  in  the  South  of  France; 
but  DO  explanation  has  hitherto  been  given  of  the  cauaeof 
the  severe  hail-storms  which  occaaionally  take  place  on 
extensive  plains  within  the  tropics. 

An  accumulation  of  caloric  invariably  produces  ligbi: 
with  the  exception  of  the  gases,  all  bodies  which  can 
endure  the  requisite  degree  of  heat  without  decomposition, 
b^n  to  emit  light  at  the  same  temperature;  but  "ben 
the  quantity  of  caloric  is  so  great  as  to  render  the  affinity 
of  their  component  particles  lees  than  their  affinity  for  the 
oxygen  of  the  atmosphere,  a  chemical  combiuatiou  laket 
place  with  the  oxygen,  light  and  heat  are  evolved,  and  fin 
is  produced.     Combustion  —  so  essential  for  out  comfM 
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^nd  even  existence — takes  place  very  easily  from  the  small 
affinity  between  the  component  parts  of  atmospheric  air^ 
the  oxygen  being  nearly  in  a  free  state ;  but  as  the  co. 
hesive  force  of  the  particles  of  different  substances  is  very 
Tariable^  different  degrees  of  heat  are  requisite  to  produce 
their  combustion.  The  tendency  of  heat  to  a  state  of 
equal  diffusion  or  equilibrium^  either  by  radiation  or  con- 
tact^ makes  it  necessary  that  the  chemical  combination 
which  occasions  combustion  should  take  place  instant- 
aneously; for  if  the  heat  were  developed  progressively,  it 
woidd  be  dissipated  by  degrees,  and  would  never  accu- 
mulate sufficiently  to  produce  a  temperature  high  enough 
for  the  evolution  of  flame. 

It  is  a  general  law  that  all  bodies  expand  by  heat  and 
eontract  by  cold.  The  expansive  force  of  caloric  has  a 
constant  tendencv  to  overcome  the  attraction  of  cohesion, 
and  to  separate  the  constituent  particles  of  solids  and 
fluids ;  by  this  separation  the  attraction  of  aggregation  is 
more  and  more  weakened,  till  at  last  it  is  entirely  over- 
come, or  even  changed  into  repulsion.  By  the  continual 
addition  of  caloric,  solids  may  be  made  to  pass  into  hquids> 
and  from  hquids  to  the  aeriform  state,  the  dilatation  in- 
creasing with  the  temperature;  and  every  substance  ex- 
pands according  to  a  law  of  its  own.  Gases  expand  more 
than  liquids,  and  liquids  more  than  solids.  The  expansion 
of  air  is  more  than  eight  times  that  of  water,  and  the 
increase  in  the  bulk  of  water  is  at  least  forty-five  times 
greater  than  that  of  iron.  Metals  dilate  uniformly  from 
the  freezing  to  the  boiling  points  of  the  thermometer ;  the 
uniform  expansion  of  the  gases  extends  between  still 
wider  limits ;  but  as  hquidity  is  a  state  of  transition  from 
the  sohd  to  the  aeriform  condition,  the  equable  dilatation 
of  liquids  has  not  so  extensive  a  range.  This  change  of 
bulk  corresponding  to  the  variation  of  heat,  is  one  of  the 
most  important  of  its  effects,  since  it  furnishes  the  means 


of  meaeuring  relative  temperature  by  the  thermometer  biiiI 
pyrometer.  The  rate  of  expansion  of  solids  varies  at  their 
transition  to  liquidity,  and  that  of  liquids  is  no  longcc 
equable  near  their  change  to  an  aeriform  stale.  There 
are  exceptiona  however  to  the  general  laws  of  expatiiion  ; 
some  liquids  have  a  maximum  density  corresponding  to  a 
certain  temperature,  and  dilate  whether  that  teraperaiure 
he  increased  or  diminished.  For  example  —  *»ter  m- 
[tands  whether  it  be  heated  above  or  cooled  below  40°. 
The  Gohdification  of  some  liquids,  and  especially  their 
crystallization,  is  always  accompanied  by  an  increase  of 
bulk.  ^Vater  dilates  rapidly  when  converted  into  ice,  and 
with  a  force  sufficient  to  split  the  hardest  substances.  The 
formation  of  ice  is  therefore  a  powerful  agent  in  ibe 
disintegration  and  decomposition  of  rocks,  operating  M 
I  one  of  the  most  efficient  causes  of  local  changes  ia  At 
Structure  of  the  cruat  of  the  earth  ;  of  which  we  htt« 
exrerience  in  the  tremendous  i^bovlemene  of  mountains  in 
Switzerland. 

The  dilatation  of  substances  by  heat,  and  their  cmh 
traction  by  cold,  occasion  such  irregularitiea  in  the  nU 
of  clocks  and  watches,  as  would  render  them  un6t  fiw 
astronomical  or  nautical  purposes,  were  it  not  for  a  very 
beautiful  appUcation  of  the  laws  of  unequal  expaniioh 
The  oscillations  of  a  pendulum  are  the  same  as  if  its  wbde 
mass  were  united  in  one  dense  particle,  in  a  certain  pojnt 
of  its  length,  called  the  centre  of  oscillation.  If  the  di»- 
tance  of  this  point  from  the  point  by  which  the  pendulmn 
is  suspended  were  invariable,  the  rate  of  the  clock  would 
be  invariable  also.  The  difficulty  is  to  neutraliie  the 
effects  of  temperature,  which  is  perpetually  increasii^ 
or  diminishing  its  length.  Among  many  contrivance^ 
Graham's  compensation  pendulum  is  the  most  simpld 
He  employed  a  glass  tube  containing  mercury,  WbcB 
the  tube  expands  from  the  e^cta  of  heat,  the  meivtrf 
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expands  much  more ;  so  that  its  surface  rises  a  little  more 
than  the  end  of  the  pendulum  is  depressed^  and  the  centre 
of  oscillation  remains  stationary.  Harrison  invented  a 
pendulum  'which  consists  of  seven  hars  of  steel  and  of 
brass,  joined  in  the  shape  of  a  gridiron,  in  such  a  manner 
that  if  by  change  of  temperature  the  hars  of  brass  raise 
the  weight  at  the  end  of  the  pendulum,  the  bars  of  steel 
depress  it  as  much.  In  general,  only  five  bars  are  used ; 
three  being  of  steel  and  two  a  mixture  of  silver  and  zinc. 
The  effects  of  temperature  are  neutralized  in  chronometers 
upon  the  same  principle ;  and  to  such  perfection  are  they 
brought,  that  the  loss  or  gain  of  one  second  in  twenty- 
four  hours,  for  two  days  running,  would  render  one  unfit 
for  use.  Accuracy  in  surveying  depends  upon  the  com- 
pensation rods  employed  in  measuring  bases.  Thus,  the 
laws  of  the  unequal  expansion  of  matter  judiciously  ap- 
plied have  an  immediate  infiuence  upon  our  estimation 
of  time;  of  the  motions  of  bodies  in  the  heavens,  and 
of  their  fall  upon  the  earth  ;  on  our  determination  of  the 
figrare  of  the  globe,  and  on  our  system  of  weights  and 
measures ;  on  our  commerce  abroad,  and  the  mensuration 
of  our  lands  at  home. 

The  expansion  of  the  crystalline  substances  takes  place 
under  very  different  circumstances  from  the  dilatation 
of  such  as  are  not  crystallized.  The  latter  become  both 
longer  and  thicker  by  an  accession  of  heat,  whereas  M. 
Mitscherlich  has  found  that  the  former  expand  differently 
in  different  directions ;  and  in  a  particular  instance,  ex- 
tension in  one  direction  is  accompanied  by  contraction  in 
another.  The  internal  structure  of  crystallized  matter 
must  be  very  peculiar,  thus  to  modify  the  expansive  power 
of  heat,  and  so  materially  to  infiuence  the  transmission  of 
caloric  and  the  visible  rays  of  the  spectrum. 

Heat  is  propagated  with  more  or  less  rapidity  through 
aU  bodies;  air  is  the  worst  conductor,  and  consequently 
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mitigates  the  severity  of  colA  elimateB  by  preaemng  the  j 
heat  imparted  to  the  earth  by  the  sun.  On  the  contrary, 
dense  boJies,  especially  metala,  poesesa  the  power  of  con- 
duction in  the  greatest  degree,  but  the  transmission  re- 
quites time.  If  a  bar  of  iron  twenty  inches  long,  be 
heated  at  one  extremity,  the  caloric  takea  four  minuiei  fa 
passing  to  the  oiher.  The  particle  of  the  raetal  thai  il 
first  heated  communicates  ita  caloric  to  the  second,  and 
tlie  second  to  the  third;  so  that  the  temperature  of  the 
intermediate  molecule  at  any  iuBlant  is  increased  hj  tha 
excess  of  the  temperature  of  the  first  above  iw  own,  ind 
diminished  by  the  excess  of  its  own  tt^mperatore  sbna 
that  of  the  tbitil.  That  however  will  not  be  the  te*' 
peratiire  indicated  by  the  ihermometer,  because  as  MiHt' 
as  the  particle  is  more  heated  than  the  sumiundiog  rt* 
moaphere,  it  loees  its  caloric  by  radiation,  in  pmportiW 
to  the  esccBS  of  it*  actual  temperature  above  that  of  li» 
air.  Tiie  velucily  of  the  diEcharpc  is  direcily  pruporlional 
to  the  temperature,  and  inversely  as  the  length  of  ibe 
bar.  As  there  are  perpetual  variationa  in  the  temperaliR 
of  all  terrestrial  substances  and  of  the  atmosphere,  fra* 
the  rotation  of  the  earth,  and  its  revolution  round  the  mu^ 
from  combustion,  friction,  fermentation,  electridCy,  ul 
an  infinity  of  other  causes,  the  tendency  to  restore  th 
eqnability  of  temperature  by  the  transmission  of  caloric 
must  maintain  all  the  particles  of  matter  in  a  slate  of  pS- 
petual  oscillation,  which  will  be  more  or  less  rapid  accori- 
ing  to  the  conducting  powers  of  the  substances.  Prom  ite 
motion  of  the  heavenly  bodies  about  their  axes,  and  slM 
round  the  sun,  exposing  them  to  perpetual  changes  «f 
temperature,  it  may  he  inferred  that  similar  cauMt  >ill 
produce  like  effects  in  them  tiw.  The  revolutjooa  of  ()■* 
double  stars  show  that  they  are  not  at  rest ;  and  dMMt^ 
we  are  totally  ignorant  of  the  changes  that  may  be  goif 
on  in  the  nebiilK  and  mVSaoia  oi  ^'C&Kt  icmnta.  Indici,  ■> 
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is  more  than  probable  that  they  are  not  in  absolute  repose ; 
to  that,  as  far  as  our  knowledge  extends^  motion  seems  to 
be  a  law  of  matter. 

Heat  applied  to  the  surface  of  [a  fluid  is  propagated 
downwards  very  slowly,  the  warmer  and  consequently 
lighter  strata^  always  remaining  at  the  top.  This  is  the 
reason  why  the  water  at  the  bottom  of  lakes  fed  from 
alpine  chains  is  so  cold ;  for  the  heat  of  the  sun  is  trans- 
fused but  a  little  way  below  the  surface.  When  heat  is 
applied  below  a  liquid^  the  particles  continually  rise  as 
they  become  specifically  lighter^  in  consequence  of  the 
caloric,  and  diffuse  it  through  the  mass^  their  place  being 
perpetually  supplied  by  those  that  are  more  dense.  The 
power  of  conducting  heat  varies  materially  in  different 
liquids.  Mercury  conducts  twice  as  fast  as  an  equal  bulk 
of  water,  which  is  the  reason  why  it  appears  to  be  so  cold* 
A  hot  body  diffuses  its  caloric  in  the  air  by  a  double  pro- 
cess. The  air  in  contact  with  it  being  heated  and  be- 
coming lighter^  ascends  and  scatters  its  caloric,  while  at 
the  same  time  another  portion  is  discharged  in  straight 
lines  by  the  radiating  powers  of  the  surface.  Hence  a 
substance  cools  more  rapidly  in  air  than  in  vacuo^  because 
in  the  latter  case  the  process  is  carried  on  by  radiation 
alone.  It  is  probable  that  the  earthy  having  originally 
been  of  very  high  temperature,  has  become  cooler  by  radi- 
ation only.  The  ethereal  medium  must  be  too  rare  to 
carry  off  much  caloric. 

Besides  the  degree  of  heat  indicated  by  the  thermo- 
meter, caloric  pervades  bodies  in  an  imperceptible  or  latent 
state ;  and  their  capacity  for  heat  is  so  various,  that  very 
different  quantities  of  caloric  are  required  to  raise  different 
substances  to  the  same  sensible  temperature ;  it  is  there- 
fore evident  that  much  of  the  caloric  is  absorbed,  or  becomes 
latent  and  insensible  to  the  thermometer.  The  ^ortiow  ^1 
caloric  requisite  to  raise  a  body  to  a  gi\eu  \snv^\^\.\«^  \^ 
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its  specific  heat ;  but  latent  heat  ia  that  portion  of  caloriir 
which  ia  employed  in  changing  the  slate  of  bodies  from 
Eolid  to  liquid,  and  from  liquid  to  vapour.  When  a  soliA 
is  converted  into  a  liquid,  a  greater  quantity  of 
eotera  into  it  than  can  be  delected  by  the  ihermonieief;, 
this  accession  of  caloric  does  not  make  the  body  warme*^ 
though  it  converts  it  into  a  liquid,  and  is  the  principill 
cause  of  its  fluidity.  Ice  remainB  at  the  temperature 
3^°  of  Fahrenheit  (ill  it  has  combined  with  or  absorbedk 
140°  of  caloric,  and  then  it  melts,  but  without  raiEiing  ibw 
temjierature  of  the  water  above  33°  ;  so  that  wi 
compound  of  ice  and  caloric.  On  the  contrary, 
liquid  is  converted  into  a  solid,  a  quantity  of  caloric  leai 
it  without  any  diminution  of  temperature.  Waler  at 
temperature  of  32°  must  part  with  140°  of  caloric  befw^ 
it  freezes.  The  slowness  with  which  water  freezes,  oi 
thaws,  is  a  consequence  of  the  time  required  to  give 
or  absorb  140'  of  latent  heat.  A  considerable  dc^rt'e  i»f 
cold  ia  often  felt  during  a  thawj  because  the  ice  in  ill 
transition  from  a  solid  to  a  liquid  state,  absorbs  sensible 
heat  from  the  atmosphere  and  other  bodies,  and  by 
rendering  it  latent,  maintains  them  at  the  temperature  cf 
32°  while  melting.  According  to  the  same  principle 
vapour  is  a  combination  of  caloric  with  a  liquid.  By  ibi 
continued  application  of  heat,  liquids  are  converted  inM 
vapour  or  steam,  which  is  invisible  and  elastic  like  comnMB 
air.  Under  the  ordinary  pressure  of  the  atmosphere,  that 
is,  when  the  barometer  stands  at  30  inches,  water  K- 
"  quires  a  constant  accession  of  heat  till  its  terapentaic 
rises  to  312°  of  Fahrenheit ;  after  that  it  ceases  U>  iho* 
any  increase  in  heat,  but  when  it  has  absorbed  an  addi- 
tional  1000°  of  caloric  it  is  converted  into  steam.  Cob- 
sequently,  about  1000°  of  latent  heat  exists  in  steam  «id>- 
out  raising  its  temperature,  and  steam  at  £13°  must  pit 
irith  the  ume  <ixuntit)  v&  \»iSBX  <^Blniw  when 
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into  water.  Water  boils  at  different  temperatures  under 
different  degrees  of  pressure.  It  boils  at  a  lower  tempera- 
ture on  the  top  of  a  mountain  than  in  the  plain  below^ 
because  the  weight  of  the  atmosphere  is  less  at  the  higher 
station.  There  is  no  limit  to  the  temperature  to  which 
water  might  be  raised ;  it  might  even  be  made  red-hot^ 
eould  a  vessel  be  found  strong  enough  to  resist  the  pres- 
sure. The  expansive  force  of  steam  is  in  proportion  to 
the  temperature  at  which  the  water  boils ;  it  may  there- 
fore be  increased  to  a  degree  that  is  only  limited  by  our 
inabDity  to  restrain  it^  and  is  the  greatest  power  that  has 
been  made  subservient  to  the  wants  of  man. 

It  is  found  that  the  absolute  quantity  of  heat  consumed 
in  the  process  of  converting  water  into  steam  is  the  same 
at  whatever  temperature  water  may  boil,  but  that  the 
latent  heat  of  steam  is  always  greater  exactly  in  the  same 
proportion  as  its  sensible  heat  is  less.  Steam  raised  at 
212°  under  the  ordinary  pressure  of  the  atmosphere,  and 
steam  raised  at  180°  under  half  that  pressure,  contain  the 
same  quantity  of  heat,  with  this  difference,  that  the  one 
has  more  latent  heat  and  less  sensible  heat  than  the  other. 
It  is  evident  that  the  same  quantity  of  heat  is  requisite  for 
converting  a  given  weight  of  water  into  steam,  at  whatever 
temperature  or  under  whatever  pressure  the  water  may  be 
boiled ;  and  therefore  in  the  steam  engine,  equal  weights 
of  steam  at  a  high  pressure  and  a  low  pressure  are  pro- 
duced by  the  same  "quantity  of  fuel;  and  whatever  the 
pressure  of  the  steam  may  be,  the  consumption  of  fuel  is 
proportional  to  the  quantity  of  water  converted  into  va- 
pour. Steam  at  a  high  pressure  expands  as  soon  as  it 
comes  into  the  air,  by  which  some  of  its  sensible  heat  be- 
comes latent ;  and  as  it  naturally  has  less  sensible  heat  than 
steam  raised  under  low  pressure,  its  actual  temperature  is 
reduced  so  much,  that  the  hand  may  be  plunged  into  It 
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without  injury  the  instant  il  issui's  from  the  orifice  of  t  J 
boiler.  1 

The  elaslicity  or  tension  of  steam,  like  that  of  common  1 
sir,  varies  invar&tly  as  its  volume ;  that  is,  nlien  the  apiica  ' 
it  occupies  is  doubled,  its  elastic  force  is  reduceil  t 
balf.  The  expansion  of  steam  is  indelinilt: ;  tbe  im^etf 
quantity  of  water  when  reduced  to  the  form  of  vapour, 
will  occupy  many  millions  of  cubic  feet ;  a  wonderful 
illustration  of  the  minuteness  of  the  ultimate  particles  of 
matter !  The  latent  heat  absorbed  in  the  formation 
steam  is  given  out  again  by  its  condensation. 

Steam  is  formed  throughout  the  whole  mass  of  a  boiliaj 
liquid,  whereas  evaporation  lakes  place  only  at  the  fiM 
surfaces  of  liquids,  and  that  under  the  ordinary  tempeiv 
ture  and  pressure  of  (he  atmosphere.  There  is  a  coniiut 
evaporation  from  the  land  and  water  all  over  the  6 
The  rapidity  of  its  formation  does  not  altogether  depnrf 
upon  the  dryness  of  ibe  air;  according  to  Dr.  1W(ob"i 
experiments,  it  depends  also  on  the  difference  between  At 
tension  of  the  vapour  which  is  forming  and  that  whid 
is  already  in  the  atmosphere.  In  calm  weather,  npav 
accumulates  in  the  stratum  of  air  immediately  above  lb 
evaporating  surface,  and  retards  the  formation  of  jam; 
whereas  a  strong  wind  accelerates  the  process,  bj  diryag 
off  the  vapour  as  soon  as  it  rises,  and  making  way  tKt 
succeeding  portion  of  dry  air. 

The  latent  heat  of  air  and  of  all  elastic  fluids,  rotyk 
forced  out  by  sudden  compression,  like  squeeiing  nW 
out  of  a  sponge.  The  quantity  of  beat  brought  ints 
action  in  this  way  is  very  well  illustrated  in  the  expcfi- 
ment  of  igniting  a  piece  of  tinder  by  the  audden  comfto- 
uon  of  air  by  a  piston  thrust  into  •  cylinder  closed  tl  iw 
end:  the  developement  of  heat  on  a  stupendoua  tcale  i* 
exhibited  in  lightning,  which  is  probably  produced  in  f^     i 
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bj  the  yiolent  compression  of  the  atmosphere  during  the 
passage  of  the  electric  floid.  Prodigious  quantities  of  heat 
are  constantly  becoming  latent,  or  are  disengaged  by  the 
changes  of  condition  to  which  substances  are  liable  in 
passing  from  the  solid  to  the  liquid,  and  from  the  liquid 
to  the  gaseous  form,  or  the  contrary,  occasioning  endless 
▼idssitudes  of  temperature  over  the  globe. 

There  are  many  other  sources  of  heat,  such  as  com- 
bustion, friction,  and  percussion,  all  of  which  are  only 
means  of  calling  a  power  into  evidence  which  already 
exists. 

The  application  of  heat  to  the  various  branches  of  the 
mechanical  and  chemical  arts  has^  within  a  few  years, 
effected  a  greater  change  in  the  condition  of  man  than  had 
been  accomplished  in  any  equal  period  of  his  existence. 
Armed  by  the  expansion  and  condensation  of  fluids  with  a 
power  equal  to  that  of  the  lightning  itself,  conquering 
time  and  space,  he  flies  over  plains,  and  travels  on  paths 
cut  by  human  industry  even  through  mountains,  with  a 
velocity  and  smoothness  more  like  planetary  than  terres- 
trial motion;  he  crosses  the  deep  in  opposition  to  wind 
and  tide ;  by  releasing  the  strain  on  the  cable,  he  rides  at 
anchor  fearless  of  the  storm  ;  he  makes  the  elements  of 
air  and  water  the  carriers  of  warmth,  not  only  to  banish 
winter  from  his  home,  but  to  adorn  it  even  during  the 
snow-storm  with  the  blossoms  of  spring ;  and,  like  a  ma- 
gician, he  raises  from  the  gloomy  and  deep  abyss  of  the 
mine,  the  spirit  of  light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  heat,  like  light  and  sound, 
probably  consists  in  the  undulations  of  an  elastic  medium. 
All  the  principal  phenomena  of  heat  may  actually  be  illus- 
trated by  a  comparison  with  those  of  sound.  The  excita- 
tion of  heat  and  sound  are  not  only  similar  but  often 
identical,  as  in   friction  and  percussion  ;  the^  %.x^  \m^ 
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'  MInmunicated  b;  contact  and  radiation  ;  and  Di.  Yoang 
observes,  Ihat  the  ciTcct  of  radiant  heat  in  Ttising  the 
temperature  of  a  body  upon  which  it  Falls,  reserablei  the 
sympathetic  sgitadon  of  a  string,  when  the  sound  of 
another  string  which  is  in  unison  with  it  is  transmitied 
through  the  air.  Light,  heat,  sound,  and  the  waies  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection,  and 
indeed  their  undulatory  theories  are  perfectly  similar.  If 
therefore,  we  may  judge  from  analogy,  the  unilulatiocs  oE 
some  of  the  heat-producing  rays  must  he  less  frequeni 
than  those  of  the  extreme  red  of  the  solar  speitrumi 
but  the  analogy  is  now  perfect,  since  the  interference 
of  heat  is  no  longer  a  matter  of  doubt :  heoce  the  in- 
terference of  two  hot  rays  must  produce  cold ;  daitncw  ■ 
lesults  from  the  interference  of  two  undulations  of  light; 
silence  ensues  from  the  ioCerference  of  two  nndulationi  of 
lound ;  and  still  water,  or  no  tide,  is  the  CDnseqaeace  rf 
the  interference  of  two  tides.  The  propagalioii  of  souarf 
however,  requires  a  much  denser  medium  than  that  eidtec 
of  light  or  heat ;  its  intensity  diminishes  as  the  TariCy  of 
the  air  increases  ;  so  that,  at  a  very  small  height  tiMR 
the  surface  of  the  earth,  the  noise  of  the  tempest  ceuu, 
and  the  thunder  is  heard  no  more  in  those  boundlea 
regions  where  the  heavenly  bodies  accomphsh  their  peiiodt 
in  elemal  and  sublime  silence. 

A  consciousness  of  the  fallacy  of  our  senses  is  one  of 
the  roost  important  consequences  of  the  study  of  natait. 
This  slndy  teaches  us  that  no  object  is  seen  by  us  in  iU 
true  place,  owing  to  aberration ;  that  the  colours  of  fnl"- 
Blances  are  solely  the  cSi;cts  of  the  action  of  matter  npo 
light ;  and  that  Ught  itself,  as  well  as  heat  and  sound,  vt 
not  real  beings,  but  mere  modes  of  action  communiMltJ 
to  our  perceptions  by  the  nerrea,  .  The  human  fnUM 
psjr  therefore  be  regarded  as  au  elasdc  system,  the  dif- 
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ferent  parts  of  which  are  capahle  of  receiving  the  tremors 
of  elastic  media^  and  of  vibrating  in  unison  with  any 
number  of  superposed  undulation s^  all  of  which  have  their 
perfect  and  independent  effect.  Here  our  knowledge  ends ; 
the  mysterious  influence  of  matter  on  mind  will  in  all  pro- 
bability be  for  ever  hid  from  man. 
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The  ocean  of  light  and  heat  perpetually  flowing  from  the 
sun,  must  aScct  the  bodies  o£  the  syslcia  very  di&ifadf, 

on  account  of  the  varieties  in  their  atmospheres,  Bome  of 
vhich  appear  to  be  very  extensive  and  dense.  Accwdiif 
to  the  observations  of  Schroeter,  the  atmasphere  of  Cem 
is  more  than  663  miles  high,  and  that  of  Pallas  bat  <■ 
elevation  of  465  miles.  These  must  refract  the  light  MHi 
prevent  the  radiation  of  heat  like  our  ovm.  But  it  ii  ■«• 
markable  that  not  a  trace  of  atmosphere  can  be  percein' 
in  Vesta ;  and  that  Jupiter  and  Saturn  have  very  litde- 
The  action  of  the  sun's  rays  must  be  very  difiereat  W 
these  bodies  from  nhat  it  is  on  the  earth,  and  the  belt 
imparted  to  them  quickly  lost  by  radiation  ;  yet  it  is  !*• 
poB^ble  to  estimate  their  temperature,  since  the  cold  IHT 
be  counteracted  by  their  central  heat,  if,  bh  there  ii  rtMM 
to  presume,  they  have  originally  been  in  a  state  of  {okM, 
possibly  of  vapour.  The  attraction  of  the  earth  hai  fn- 
baUy  deprived  the  moon  ot^ten-,  bn  ^onn&aetiTepwA 
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of  the  air  at  the  surface  of  the  earthy  is  at  least  a  thou- 
sand times  as  great  as  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore^  must  he  of  a 
greater  degree  of  rarity  than  can  be  produced  by  our  best 
air-pumps ;  consequently  no  terrestrial  animal  could  exist 
in  it.  This  was  confirmed  by  M.  Arago's  observations 
during  the  last  great  solar  ecUpse,  when  no  trace  of  a  lunar 
fitmosphere  was  to  be  seen. 

The  sun  has  a  very  dense  atmosphere.  What  his  body 
may  be,  it  is  impossible  to  conjecture ;  but  he  seems  to  be 
surrounded  by  a  mottled  ocean  of  flame^  through  which  his 
dark  nucleus  appears  like  black  spots  often  of  enormous 
size.  These  spots  are  almost  always  comprised  within  a 
sone  of  the  sun's  surface^  whose  breadth  measured  on  a 
solar  meridian^  does  not  extend  beyond  30  J^  on  each  side 
of  his  equator^  though  they  have  been  seen  at  the  distance 
of  39^^-  From  their  extensive  and  rapid  changes^  there  is 
every  reason  to  suppose  that  the  exterior  and  incandescent 
part  of  the  sun  is  gaseous.  The  solar  rays  probably  arising 
from  chemical  processes  that  continually  take  place  at  his 
surface^  or  from  electricity,  are  transmitted  through  space 
In  all  directions ;  but  notwithstanding  the  sun's  magnitude, 
and  the  inconceivable  heat  that  must  exist  at  his  surface, 
as  the  intensity  both  of  his  light  and  heat  diminishes  as  the 
square  of  the  distance  increases^  his  kindly  influence  can 
hardly  be  felt  at  the  boundaries  of  our  system^  or  at  all 
events  it  must  be  but  feeble. 

The  direct  light  of  the  sun  has  been  estimated  to  be 
equal  to  that  of  5563  wax  candles  of  moderate  size^  sup- 
posed to  be  placed  at  the  distance  of  one  foot  from  the 
object.  That  of  the  moon  is  probably  only  equal  to  the 
light  of  one  candle  at  the  distance  of  twelve  feet.  Con- 
sequently the  light  of  the  sun  is  more  than  three  hundred 
thousand  times  greater  than  that  of  the  moon.  Heuci^  ^e 
light  of  the  moon  imparts  no  heat.     Pioiesaot  ^oit^Ks^  Si^ 
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"jeonvinced  by  recent  experiments  that  the  direct  lighi  of  the 
I  ia  incapable  of  raiBtng  a  thermameter  one  three- 
bundred-thousandih  part  of  u  centigrade  d^ree,  it  lessl 
in  this  climate.  The  intensity  of  the  sun'a  light  diminish^ 
from  the  centre  to  the  circumference  of  the  solar  disc  ;  bol 
in  the  moon  the  gradation  is  reversed. 

In  LTranuB,  the  eun  must  be  seen  hke  a  small  hut  hril- 
liant  star,  not  above  tile  hundred  and  fiftieth  part  bo  bri^l 
as  he  appeuG  to  us ;  hut  that  is  SOOO  times  brighter  thin 
our  moon  ;  no  that  he  is  really  a  sun  to  Uranus,  and  mtj 
impart  some  degree  of  warmth.  But  if  we  consider  th^ 
water  would  not  remain  fluid  in  any  part  of  Mars,  eren  il 
his  equator,  and  that  in  the  temperate  zones  of  the  sun 
planet  eren  alcohol  and  qnickEilver  would  freexe,  we  maj 
form  some  idea  of  the  cold  that  must  reign  in  Uranua. 
The  climate  of  Venus  more  nearly  resembles  duit  of  the 

'  earth,  though,  excepting  perhaps  at  her  poles,  much  U 
hoi  for  animal  and  vegetable  life  as  they  exist  here  ;  but  in 
Mercury,  the  mean  heat  arising  only  from  the  intensity  of 
the  sun's  raya  must  be  above  that  of  boiling  quickmlnr, 
and  water  would  boil  even  at  his  poles.  Thus  the  pliiuti, 
though  kindred  with  the  earth  iii  motion  and  stractm*, 
are  totally  unfit  for  the  habitation  of  such  a  being  ai  mn^ 
unless,  indeed,  their  temperature  should  be  inodiBed  \lj 
circumstances  of  which  we  are  not  aware,  and  which  mj 
increase  or  diminish  the  sensible  heat  so  as  to  render  then 
habitable. 

It  is  found  by  experience,  that  heat  is  developed  is 
opaque  and  translucent  substances  by  their  absorptioQ  of 
solar  light,  but  that  the  sun's  rays  do  not  seniibly  alteilkl 
temperature  of  perfectly  transparent  bodies  through  wbiA 
they  pass.  As  the  temperature  of  the  pellucid  plmetuy 
■pace  can  be  but  little  affected  by  the  passage  of  the  nn't 
light  and  heat,  neither  can  it  be  sensibly  raised  by  the  hctf 
BOW  radiated  (rank  t\ie  eai'iti  *,  Qataei:faKofl,^  Sia\KaLYEM9^ 
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nust  be  invariable^  at  least  throughout  the  extent  of  the 
solar  system.  The  atmosphere^  on  the  contrary^  gradually 
increasing  in  density  towards  the  surface  of  the  earthy  be- 
comes less  pellucid^  and  therefore  gradually  increases  in 
temperature^  both  from  the  direct  action  of  the  sun^  and 
from  the  radiation  of  the  earth.  Lambert  had  proved  that 
the  capacity  of  the  atmosphere  for  heat  varies  according  to 
the  same  law  with  its  capacity  for  absorbing  a  ray  of  light 
passing  through  it  from  the  zenith^  whence  M.  Svanberg 
found  that  the  temperature  of  space  is  58°  below  the  zero 
point  of  Fahrenheit's  thermometer.  From  other  researches^ 
founded  upon  the  rate  and  quantity  of  atmospheric  re« 
fraction^  he  obtained  a  result  which  only  differs  from  the 
preceding  by  half  a  degree.  M.  Fourier  has  arrived  at 
nearly  the  same  conclusion  from  the  law  of  the  radiation  of 
the  heat  of  the  terrestrial  spheroid,  on  the  hypothesis  of  its 
having  nearly  attained  its  limit  of  temperature  in  cooling 
down  from  its  supposed  primitive  state  of  fusion.  The 
di&rence  in  the  result  of  these  three  methods^  totally  in- 
dependent of  one  another^  only  amounts  to  the  fraction  of 
•  degree. 

The  cold  endured  by  Sir  Edward  Parry  one  day  in 
Melville  Island  was  55^  below  zero ;  and  that  suffered  by 
Captain  Back  on  the  17th  of  January,  1834,  in  62°  46  J' 
of  north  latitude,  was  no  less  than  70°  below  the  same 
point.  However,  M.  Poisson  attributes  this  to  accidental 
circumstances,  and  by  a  recent  computation,  he  makes 
the  temperature  of  space  to  be  8°  above  the  zero  of 
Fahrenheit.  This  he  considers  greatly  to  exceed  the  tem- 
perature of  the  exterior  strata  of  the  atmosphere,  which  he 
conceives  to  be  deprived  of  their  elasticity  by  intense  cold, 
and  he  thus  accounts  for  the  decrease  of  temperature  at 
great  elevations,  and  for  the  limited  extent  of  the  atmo- 
vphere. 

DoubdesSj  the  radiation  of  all  the  bodies  m  \!!Ei^'v«iV?«t.^^ 
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;  the  ethereal  medium  at  a  higher  lemperatuK 
than  it  would  otherwiee  have,  and  must  eventually  increase 
it,  but  hy  a  quantity  so  evanencent  that  it  is  hardly  possiUe 
to  conceive  a  time  when  a  change  will  become  pecc^ptible. 

The  temperature  of  space  being  bo  low,  it  becomes  a 
matter  of  no  amall  interest  to  ascertain  whether  the  eailh 
may  not  be  ultimately  reduced  by  radiation  to  the  temper- 
ature of  the  surrounding  medium  ;  what  the  gouiccs  of 
heat  are ;  and  whether  they  be  sufficient  to  compensate  ibe 
loss,  and  to  maintain  the  earth  in  a  state  fit  for  tlie  support 
of  animal  and  vegetable  life  in  time  to  come.  AH  ob- 
servations  that  have  been  made  under  the  surface  of  ibt 
ground  concur  in  proving,  that  there  is  a  stratum  at  tht 
depth  of  from  40  to  IDD  feet  throughout  the  whole  earCb, 
where  the  temperature  is  invarisblL'  at  all  times  and  eeaMDi, 
and  which  differs  hut  little  from  the  mean  annual  teinpff- 
Bture  of  the  country  above.  According  to  M.Bouasii^anllr 
indeed,  that  straliira  at  the  equator  is  at  the  depth  of  litlit 
more  than  a  foot  in  places  sheltered  from  the  direct  rayi «( 
the  sun ;  but  in  our  chmates  it  is  at  a  much  greater  depA- 
In  the  course  of  more  than  half  a  century,  the  trmperatnn 
of  the  earth  at  the  depth  of  90  feet  in  the  caves  of  th 
Observatory  at  Paris,  has  never  been  above  or  below  5^ 
of  Fahrenheit's  thermometer,  which  ie  only  2°  above  Ai 
mean  annual  temperature  at  Paris.  This  zone,  unaflMcd 
by  the  sun's  raya  from  above,  or  by  the  inlemal  heat  Am 
below,  serves  as  an  origin  whence  the  eSbcts  of  the  extcml 
heat  are  estimated  on  one  side,  and  the  internal  lempcram* 
of  the  globe  on  the  other. 

As  early  as  the  year  1740,  M.  Gensanne  diBcoverri  i> 
the  lead  mines  of  Geromagny,  three  leagues  from  BtfKt, 
that  the  heat  of  the  ground  increases  with  the  depth  hdv* 
the  xone  of  constant  temperature.  A  vast  number  ^  <k 
servations  have  been  made  since  that  time  in  the  roiMsM 
Europe    and  Ametiu,  \>1  t&Nl.  %«qm«i«,  ^ 
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Hmnboldt^  Cordier^  Fox^  Reich^  and  others^  which  agree 
without  an  exception^  in  proving  that  the  temperature  of 
tibe  earth  hecomes  higher  in  descending  towards  its  centre. 
The  greatest  depth  that  has  heen  attained  is  in  the  silver 
mine  of  Guamaxato  in  Mexico^  where  M.  de  Humholdt 
found  a  temperature  of  98°  at  the  depth  of  2S5  fathoms : 
the  mean  annual  temperature  of  the  country  heing  only  6l°* 
Next  to  that  is  the  Dalcoath  copper  mine  in  Cornwall, 
where  Mr.  Fox's  thermometer  stood  at  68°  in  a  hole  in  the 
rock  at  the  depth  of  230  fathoms,  and  at  82°  in  water  at 
the  depth  of  240  fathoms,  the  mean  annual  temperature  at 
the  surface  heing  about  50°.  But  it  is  needless  to  multiply 
examples,  all  of  which  concur  in  showing  that  there  is 
a  Tery  great  difference  between  the  tendperature  in  the  in- 
terior of  the  earth  and  at  its  surface.  Mr.  Fox's  observ- 
ations on  the  temperature  of  springs  which  rise  at  profound 
depths  in  mines,  afford  the  strongest  testimony.  He  found 
considerable  streams  flowing  into  some  of  the  Cornish 
mines  at  the  temperature  of  80°  or  90°,  which  is  about  30° 
qr  40°  above  that  of  the  surface ;  and  also  ascertained  that 
nearly  2,000,000  gallons  of  water  are  daily  pumped  from 
the  bottom  of  the  Poldice  mine,  which  is  176  fathoms  deep^ 
at  90°  or  100°.  As  this  is  higher  than  the  warmth  of  the 
human  body,  Mr.  Fox  justly  observes,  that  it  amounts  to 
a  proof  that  the  increased  temperature  cannot  proceed 
from  the  persons  of  the  workmen  employed  in  the  mines. 
Neither  can  the  warmth  of  mines  be  attributed  to  the  con- 
densation of  the  currents  of  air  which  ventilate  them.  Mr. 
Fox,  whose  opinion  is  of  high  authority  in  these  matters, 
states  that  even  in  the  deepest  mines  the  condensation  of 
the  air  would  not  raise  the  temperature  more  than  5°  or  6°, 
and  that  if  the  heat  could  be  attributed  to  this  cause,  the 
seasons  would  sensibly  affect  the  temperature  of  mines, 
which  it  appears  they  do  not  where  the  depth  la  ^^^\^ 
Besides^  the  Cornish  mines   are   geneialiii^  Neii>s^AX&^  ^s<) 
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□umeroue  shafts  opening  into  the  galleries  from  the  surface 
or  from  a  higher  leTel.  The  air  circulates  freely  in  these, 
descending  in  some  shafts  and  Bscending  in  othera.  In  all 
caaea,  Mr.  Fox  found  that  the  upward  c 
higher  temperature  than  the  descending  ci 
BO,  thai  in  winter  the  moisture  is  often  froisen  in  the  Uttet 
to  a  confiiderable  depth ;  the  circulation  of  air,  therefore, 
tends  to  cool  the  mine  insteatl  of  increasing  the  heat.  Mr. 
Fox  has  also  removed  the  objections  arising  from  the  com' 
paratively  low  temperature  of  the  water  in  the  shafts  of 
sbandoned.  mines,  h;  showing  that  observations  iu  thenii 
from  a  variety  of  circumstances  which  he  enumerates,  an 
too  discordant  to  furnish  any  conclusion  as  to  the  actiul 
heat  of  the  earth.  The  high  lemperalure  of  mines  mi^ 
be  attributed  to  the  effects  of  the  fires,  candles,  and  gun- 
powder used  by  the  miners,  did  not  similar  iDcrtMf. 
obtain  in  deep  wells,  and  in  borings  to  great  depths  te 
search  of  water,  where  no  sucll  causes  of  disturbance  occDf. 
In  a  well  dug  with  a  view  to  discover  salt  in  the  cmtaa  if 
Berne,  and  long  deserted,  M.  de  Saussure  had  the  nuNt 
complete  evidence  of  increasing  heat.  The  same  has  bea 
confirmed  by  the  temperature  of  many  wells,  both  it 
France  and  England,  especially  by  the  Artesian  weUi,  » 
named  from  a  pecuhar  method  of  roieing  water  fint  reKutrf 
to  in  Aitois,  and  since  tiecome  very  general.  An  AiWat* 
well  consists  of  a  shaft  of  a  few  inches  in  diameter,  bond 
into  the  earth  till  a  spring  is  found.  To  prevent  lb* 
water  being  carried  off  hy  the  adjacent  strata,  a  tube  >> 
let  down  which  exactly  fills  the  bore  from  top  to  bottom, 
in  which  the  water  rises  pure  to  the  surface.  It  il 
clear  the  water  could  not  rise  unless  it  had  previoO^ 
descended  from  high  ground  through  the  interior  of  the 
earth  to  the  bottom  of  the  well.  It  partake*  of  tbe 
temperatore  of  the  ttrata  throu^  which  it  pauei,  and 
it)  every  instuice  ^u  >ieen  -wmtow  va  -^iwfM&wi  >»  4* 
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depth  of  the  well ;  hut  it  is  evident  that  the  law  of  in- 
crease cannot  he  obtained  in  this  manner.  Perhaps  the 
most  satisfactory  experiments  on  record  are  those  made 
by  MM.  August  de  la  Rive  and  F.  Marcet  during  the 
year  1833^  in  a  horing  for  water  ahout  a  league  from 
Geneva^  ajt  a  place  318  feet  above  the  level  of  the  lake. 
The  depth  of  the  bore  was  7^7  feet^  and  the  diameter 
only  between  four  and  five  inches.  No  spring  was  ever 
found  ;  but  the  shaft  filled  with  mud^  from  the  moisture 
of  the  ground  mixing  with  the  earth  displaced  in  boring, 
which  was  peculiarly  favourable  for  the  experiments,  as 
the  temperature  at  each  depth  may  be  considered  to  be 
that  of  the  particular  stratum.  In  this  case,  where  none 
6f  the  ordinary  causes  of  disturbance  could  exist,  and 
where  every  precaution  was  employed  by  scientific  and 
experienced  observers,  the  temperature  was  found  to  in. 
crease  regularly  and  uniformly  with  the  depth  at  the  rate 
of  about  1°  of  Fahrenheit  for  every  52  feet.  Professor 
Reich  of  Freyberg  has  found  that  the  mean  of  a  great 
number  of  observations  both  in  mines  and  wells,  is  1^ 
of  Fahrenheit  for  every  55  feet  of  depth,  and  from  M, 
Arago's  observations  in  an  Artesian  well  now  boring  in 
Paris,  the  increase  is  1*^  of  Fahrenheit  for  every  45  feet. 
Though  there  can  be  no  doubt  as  to  the  increase  of  tem- 
perature in  penetrating  the  crust  of  the  earth,  there  is  still 
much  uncertainty  as  to  the  law  of  increase,  which  varies 
with  the  nature  of  the  soil  and  other  local  circumstances ; 
but  on  an  average,  it  has  been  estimated  at  the  rate  of  1° 
for  every  50  or  60  feet,  which  corresponds  with  the  observ- 
ations of  MM.  Marcet  and  De  la  Rive.  In  consequence  of 
the  rapid  increase  of  internal  heat,  thermal  springs,  or  such 
as  are  independent  of  volcanic  action,  rising  from  a  great 
depth,  must  necessarily  be  very  rare  and  of  a  high  tem- 
perature, and  it  is  actually  found  that  none  axe  ^oX'O'Vi  ^^^ 
.68«  of  Fahrenheit:  that  of  Chaudes  Aigae^m  kvuNCt^^i 
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IB  about  136°.  In  many  places  warm  water  from  Arwdan 
wells  will  probably  come  into  use  for  domestic  purposes, 
and  it  is  even  now  employed  in  manufactorieE  at  M'uttcm- 
berg,  in  Alsace,  and  near  Stutgardt. 

It  is  liariUy  to  be  expected  that  at  present  any  iuforra- 
action  with  regnril  to  the  actual  Internal  temperature  o!ibt 
earth  should  be  obtained  from  that  of  the  ocean,  on  nccouul 
of  the  mobility  of  fluids,  by  whicii  the  colder  masses  sink 
downwards,  while  those  that  are  warmer  rise  to  the  sur- 
face. Nevertheless  it  may  he  slated,  that  the  temperaiuie 
of  the  sea  decreases  with  the  depth  between  the  tropidj 
while  on  the  conirury,  all  our  northern  navigator*  found 
that  the  tfmnperature  increases  with  the  depth,  in  the  polir 
seas.  The  change  lakes  place  about  the  70th  parallel  of 
latitude.  Some  ages  hence  however,  it  may  be  knain 
whether  the  earth  has  arrived  at  a  permanent  state  ai  <■ 
beat,  by  comparing  aecitlar  obxervations  of  the  tempetitiM 
of  [he  ocean  if  iiinile  at  a  griiit  distance  from  lilt'  land. 

Should  the  earth's  temperature  increase  at  the  rttctf 
1°  for  every  50  feet,  it  is  clear  that  at  the  depth  of  800 
miles  the  hardest  substances  must  be  in  a  state  of  fnMH, 
and  our  globe  must  In  that  case,  either  be  encomptM^ 
by  a  stratum  of  melted  lava  at  that  depth,  or  it  most  tei 
haU  of  liquid  fire  76OO  miles  in  diameter,  encloaed  ii> 
thin  coating  of  solid  matter  ;  for  SOO  miles  are  DOthii{ 
when  compared^ with  the  lize  of  the  earth.  No  daaW 
the  form  of  the  earth,  as  determined  by  the  penduln 
and  area  of  the  meridian,  as  well  as  by  the  motions  of  dw 
moon,  indicates  original  fluidity  and  subsequent  constdidatka 
and  redaction  of  temperature  by  radiation  ;  but  whetherlk 
law  of  incasing  temperature  is  uniform  at  still  greittr 
depths  than  those  already  attained  by  man,  it  is  impcadUe 
to  say.  At  all  events,  internal  fluidity  is  not  inconnitat 
with  the  present  state  of  the  earth's  surface,  since  nrthf 
matter  ii  u  bad  a  cottdadWn  ot  cskinc  «»V«v,whkh  oftM 
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Detains  its  heat  at  a  very  little  depth  for  years  after  its 
ntrfaoe  is  cool.  Whatever  the  radiation  of  the  earth 
might  have  heen  in  former  times^  certain  it  is  that  it 
goes  on  very  slowly  in  our  days ;  for  M.  Fourier  has 
computed  that  the  central  heat  is  decreasing  from  ra« 
diation  hy  only  ahout  the  -j^j^^-Q-Qih  part  of  a  second  in  a 
century.  If  so,  there  can  he  no  douht  that  it  will  ul- 
timately he  dissipated ;  but  as  far  as  regards  animal  and 
v^etable  Ufe,  it  is  of  very  little  consequence  whether  the 
centre  of  our  planet  be  liquid  fire  or  ice^  since  its  con* 
dition  in  either  case  could  have  no  sensible  effect  on  the 
climate  at  its  surface.  The  internal  fire  does  not  even 
impart  heat  enough  to  melt  the  snow  at  the  poles^  though 
BO  much  nearer  to  the  centre  than  any  other  part  of  the 
globe. 

M.  Poisson  takes  a  very  different  view  of  the  subject. 
He  admits  indeed  the  primitive  fluidity  of  the  earth,  but 
conceives  that  it  first  became  solid  in  the  centre,  and  that 
the  consolidation  and  decrease  of  heat  went  on  from  layer 
to  layer^  till  the  whole  became  a  solid  mass  of  uniform 
temperature,  leaving  only  the  ocean  and  atmosphere  in 
a  fluid  state ;  and  he  attributes  the  increase  of  heat  witli 
the  depth  below  the  surface  of  the  earth  to  the  passage  of 
the  solar  system  from  a  hot  to  a  colder  part  of  space.  He 
thinks  that  the  radiation  of  the  fixed  stars  must  render 
the  regions  where  they  abound  hotter  than  those  where 
they  are  thinly  scattered ;  and  that  during  the  numberless 
ages  employed  by  the  solar  system  in  traversing  any  one 
of  these  enormous  regions,  the  earth  must  at  length  ac- 
quire the  temperature  of  the  surrounding  medium.  He 
concludes  that  though  the  earth  is  now  passing  through 
a  cold  region,  it  still  retains  some  of  the  heat  it  had 
acquired  in  traversing  one  of  excessively  elevated  tempera- 
ture, that  it  is  gradually  becoming  cooler  by  radiation  froxiKv 
its  surface^  and  therefore  that  the  heat  mu^l  mcx^^j^  ^VOcl 


I 


r  ara 

llie  depth.  This  h^potheBis  M.  PaisBon  thinlcB  rafficient 
to  account  for  the  existence  of  tropical  plants  and  animals 
in  Ligh  northern  latitudes  now  found  in  a  fossil  Elate. 

Tbe  iramenie  extent  of  active  volcsaic  fire  is  one  of  tlie 
causes  of  heat  which  must  not  be  overlooked. 

The  range  of  the  Andes  from  Chili  to  the  north  i>f 
Mexico,  probably  from  Cape  Horn  to  California,  or  enn 
to  New  Madrid  in  the  United  Stales,  is  one  vast  district  of 
igneous  action,  including  the  Caribbean  Sea  and  the  Wett 
Indian  Islands  on  one  hand ;  and  stretching  quite  acrM 
the  Pacific  Ocean,  tlirougli  the  Polynesian  Archipelago,  the 
New  Hebrides,  the  Georgian  and  Friendly  IslaoiU,  on  die 
other.  Another  chain  begins  with  the  Aleutian  Island^ 
extends  to  Kamtschatka,  and  from  thence  passes  thiougb 
the  Kurile,  Japanese,  and  Philippine  Islands,  to  the  Mo- 
luccas, whence  it  spreads  with  terrific  violence,  IbTOH^ 
'  the  Indian  Archipelago,  even  to  the  Bay  of  BengiU.  Vtt- 
canic  action  may  ngain  be  followed  from  ihe  I'nLriuiCf 
of  the  Persian  Gulf  to  Madagascar,  Bourbon,  the  Canaricti 
and  Azores.  Thence  a  continuous  igneous  region  extendi 
through  about  1000  geographical  miles  to  tbe  Caapiin 
Sea,  including  the  Mediterranean,  and  extending  north  anil 
south  between  the  35th  and  40th  parallels  of  latiniJe. 
In  central  Asia,  a  volcanic  region  occupies  2500  «quiit 
gec^rapbical  miles,  and  to  these  may  he  added  Icelud, 
within  25  degrees  of  the  pole.  Throughout  this  nit 
portion  of  the  world  the  subterraneous  fire  it  ofH 
intensely  active,  producing  such  violent  eattbqiuJiC* 
and  irruptions  that  their  effects,  accumulated  dunng 
millions  of  years,  may  account  for  many  of  the  gicat 
geological  changes  of  igneous  origin  that  have  limdj 
taken  place  in  the  earth,  and  may  occasion  others  not  Im  , 
reraarhable,  should  time  —  that  essential  element  in  ik 
vicissitudes  of  the  globe  —  be  graoted,  and  their  enefU 
Lwt, 
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fr.  Lyell^  who  has  shown  the  powef  of  existing 
is  with  great  ingenuity^  estimates  that  on  an  aver- 
twenty  irruptions  take  place  annually  in  different 
of  the  world ;  and  many  must  occur  or  have  hap- 
d^  even  on  the  most  extensive  and  awful  scale^  among 
le  equally  incapable  of  estimating  their  effects  and  of 
"ding  them.  We  should  never  have  known  the  ex-, 
of  the  fearful  irruption  which  took  place  in  the  island 
imhawa,  in  1815^  but  for  the  accident  of  Sir  Stamford 
es  having  been  governor  of  Java  at  the  time.  It  be- 
on  the  5th  of  Aprils  and  did  not  entirely  cease  till 
.  The  ground  was  shaken  through  an  area  of  1000. 
s  in  circumference ;  the  tremors  were  felt  in  Java^  the 
iccas^  a  great  part  of  Celebes,  Sumatra^  and  Borneo, 
detonations  were  heard  in  Sumatra^  at  the  distance 
170  geographical  miles  in  a  straight  line ;  and  at' 
late^  720  miles  in  the  opposite  direction.  The  most 
Iful  whirlwinds  carried  men  and  cattle  into  the  air ; 
with  the  exception  of  26  persons,  the  whole  popu- 
a  of  the  island  perished  to  the  amount  of  12,000. 
»  were  carried  300  miles  to  Java,  in  such  quantities, 
the  darkness  during  the  day  was  more  profound  than 
had  been  witnessed  in  the  most  obscure  night.  The 
of  the  country  was  changed  by  the  streams  of  lava, 
by  the  upheaving  and  sinking  of  the  soil.  The  town  of 
iboro  was  submerged,  and  water  stood  to  the  depth 
8  feet  in  places  which  bad  been  dry  land.  Ships 
nded  where  they  had  previously  anchored,  and  others 
i  hardly  penetrate  the  mass  of  cinders  which  floated 
16  surface  of  the  sea  for  several  miles  to  the  depth  of 
feet.  A  catastrophe  similar  to  this,  though  of  less 
litude,  took  place  in  the  island  of  Bali  in  1808, 
h  was  not  heard  of  in  Europe  till  years  afterwards, 
irruption  of  Coseguina  in  the  Bay  of  FoTVsec«L,  -tiVja.^ 
a  on  the  iptb  of  January  1835,  and  \asXjfcd  TCia»:^ 
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ia,fs,  was  even  tnoru  dreadful  and  extensive  in  its  cficcts 
than  that  of  Sumbawa.  The  ashes  during  tliis  irrupUonwete 
carried  by  the  upper  current  of  tile  atinospliere  as  far  north  u 
Cfaiasss,  uhicb  is  upwards  of  400  leagues  to  the  vinilwird 
of  that  volcano.  Man;  volcanos  supposed  to  be  eitinri, 
have  all  at  once  burst  out  with  inconeeivable  violent^.  Wit- 
nesa  Vesuvius,  on  historical  record ;  and  the  volcano  in  the 
island  of  St.  Vincent  in  our  own  days,  whose  crater  wu 
lined  with  large  trees,  and  which  had  not  been  active  in  Qa 
memory  of  man.  Vast  tracts  are  of  volcanic  origin  mhat 
volcanoE  have  ceased  to  exist  for  ages.  Whence  it  may  t* 
inferred  that  in  some  places  the  subterraneous  fires  arc  a 
the  highest  state  of  activity,  in  some  (hey  an  inert,  bA 
in  others  they  appear  to  be  extinct.  Yet  there  are  !i» 
countriea  that  are  not  subject  to  earthquatcea  of  gietln 
or  less  intensity ;  the  tremors  are  propagated  Uke  ■ 
sonorous  undulation  to  such  distancea,  that  it  n  iinp» 
Bible  to  say  in  what  point  they  originate.  In  some  recenl 
instances  their  power  must  have  been  tremendou*.  b 
South  America,  so  lately  as  18S2,  an  area  of  100,000 
square  miles,  which  is  equal  in  extent  to  the  half  if 
France,  was  raised  several  feet  above  its  present  levd;  I 
most  able  account  of  which  is  given  in  the  "  TraniaetiMi 
of  the  Geological  Society,"  by  an  esteemed  friend  of  At 
author's,  Mrs.  Graham,  now  Mrs.  Calcott,  vho  aM 
present  during  the  whole  time  of  that  formidable  e«A> 
quake,  which  recurred  at  short  intervals  for  more  Aoi 
two  months,  and  who  posseeses  talents  to  appreciate,  nd 
had  opportunities  of  observing  ils  effects  under  the  mi* 
favourable  circumstances  at  Valparaiso,  and  for  milea  ilnV 
the  coast  where  it  was  most  intense.  A  considei*U> 
elevation  of  the  land  has  again  taken  place  along  tbe  CM* 
of  Chili,  in  conseqtience  of  the  violent  earthquake  *bick 
liappened  on  the  20th  of  February,  1835.  In  1619,  ari^ 
uf  land  stretching  fot  5U  nAea  mtqw  <m  M,«h  of  tti 


iCT.  XXT.  VOLCANIC   THEORIES.  275 

idas^  16  feet  broad,  was  raised  10  feet  above  the 
ain  ;  yet  the  account  of  this  marvellous  event  was 
cently  brought  to  £urope  by  Mr.  Burnes.  The  reader  is 
ferred  to  Mr.  Lyell's  very  excellent  work  on  geology 
ready  mentioned,  for  most  interesting  details  of  the 
lenomena  and  extensive  effects  of  volcanos  and  earth- 
takes  too  numerous  to  find  a  place  here.  It  may  how. 
"er  be  mentioned,  that  innumerable  earthquakes  are  from 
tne  to  time  shaking  the  solid  crust  of  the  globe,  and  carry- 
!g  destruction  to  distant  regions,  progressively  though 
owly  accomplishing  the  great  work  of  change.  These 
Trible  engines  of  ruin,  fiiful  and  uncertain  as  they  may 
!em,  must  like  all  durable  phenomena  have  a  law,  which 
ay  in  time  be  discovered  by  long- continued  and  accurate 
Nervations. 

The  shell  of  volcanic  fire  that  girds  the  globe  at  a 
oall  depth  below  our  feet,  has  been  attributed  to  different 
oises.  By  some  it  is  supposed  to  orginate  in  an  ocean  of 
icandescent  matter,  still  existing  in  the  central  abyss  of 
le  earth.  Some  conceive  it  to  be  superficial,  and  due  to 
lemical  action  in  strata  at  no  very  great  depth  when  com- 
ired  with  the  size  of  the  globe.  The  more  so,  as  matter 
I  a  most  extensive  scale  is  passing  from  old  into  new  com- 
nations,  which,  if  rapidly  effected,  are  capable  of  pro- 
icing  the  most  intense  heat.  According  to  others^ 
ectricity,  which  is  so  universally  diffused  in  all  its  forms 
iroughout  the  earth,  if  not  the  immediate  cause  of  the 
ilcanic  phenomena,  at  least  determines  the  chemical  a£- 
dities  that  produce  them.  It  is  clear  that  a  subject  so 
▼olved  in  mystery  must  give  rise  to  much  speculation,  in 
hich  every  hypothesis  is  attended  with  difiiculties  that 
jservation  alone  can  remove. 

But  the  views  of  Mr.  Babbage  and  Sir  John  Herschel  on 
le  general  cause  of  volcanic  action  and  the  chax\^ii&  \w  ^<e. 
luilibrium   of  the  internal   heat  of  the   ^o\^^  «^^^t^ 

T  2 


I 


th  the  kns  of  mechanics  and  radiant  caloric  ihaa 
any  that  have  been  propoBcd.  The  theory  of  these  dlstin- 
ihed  philosphers,  fornied  independently  of  each  other, 
U  equally  consistent  with  observed  phenomena,  whether 
the  earth  be  a  solid  cruet  encompassing  a  nucleua  of  liquil 
lava,  or  tlmt  there  is  merely  a  vast  reservoir  or  stratna 
of  melted  matter  at  a  moderate  depth  below  the  m- 
perficial  crust.  The  author  is  indebted  to  the  kindnM 
of  Mr,  Lyeil  for  the  perusal  of  a  most  interwling  letW 
from  Sir  John  Herseliel  in  which  he  states  hia  view*  on  ttle 
euhject. 

Supposing  that  the  globe  is  merely  a  solid  cruil,  resUif 
upon  fluid  01  semi-fluiil  matter,  whether  extending  to  ibt 
centre  or  not,  the  transfer  of  |>re9sure  from  one  part  of  in 
surface  to  another  by  the  degradation  of  existing  eontineol^ 
and  the  formation  of  nev  ones,  would  be  aufflcieol  to  iub> 
*ert  the  equilibrium  of  heat  in  the  interior,  and  occisoi 
volcanic  iiruplions.  For,  sinLV  the  infetjial  hesi  of  de 
earth  is  transmitted  outwards  by  radiation,  an  acceuion  rf 
new  matter  on  any  part  of  the  surface  like  an  additioo  rf 
clothing,  hy  Iieeping  it  in,  would  raise  the  temperatnitif 
the  strata  below,  and  in  the  coaiae  of  ages  would  eni 
reduce  those  at  a  great  depth  to  a  state  of  fusion.  S«ie 
of  the  substances  might  be  converted  into  gaaes,  nd 
should  the  accumulation  of  new  matter  take  place  at  ik 
bottom  of  the  sea,  as  is  generally  the  case,  this  kn  wmU 
be  mixed  with  water  in  a  state  of  ignition  in  cmieqiMBtt 
of  the  enormous  pressure  of  the  ocean,  and  of  ti* 
newly  super-imposed  matter  which  would  prevent  it  frw 
expanding  into  steam.  Now  Mr.  Lyell  has  shown  widi  la 
usual  talent,  that  the  quantity  of  matter  carried  down  If 
rivers  from  the  lurface  of  the  continents  is  comparalinij 
trifling,  and  that  the  great  transfer  to  the  bottom  of  tb 
ocean  is  produced  at  the  coast  line  hy  the  action  of  A*m; 
iienoe,  say*  Bit  John  Vlw»A«\,"  ■Cob  pjalww. 
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Df  local  pressure  is  in  the  central  area  of  the  deep  sea^ 
while  the  greatest  local  relief  takes  place  along  the  ahraded 
coast  lines.  Here  then  should  occur  the  chief  volcanic 
rents."  As  the  crust  of  the  earth  is  much  weaker  on  the 
coasts  than  elsewhere^  it  is  more  easily  ruptured^  and^  as 
Mr.  Bahhage  ohserves,  immense  rents  might  he  produced 
there  hy  its  contraction  in  cooling  down  after  heing  de- 
prived of  a  portion  of  its  original  thickness.  The  pres- 
sure on  the  hottom  of  the  ocean  would  force  a  column  of 
lava  mixed  with  ignited  water  and  gas  to  rise  through  an 
opening  thus  formed,  and,  says  Sir  John  Herschel,  ''when 
the  column  attains  such  a  height  that  the  ignited  water 
can  become  steam,  the  joint  specific  gravity  of  the  column 
is  suddenly  diminished,  and  up  comes  a  jet  of  mixed  steam 
and  lava,  till  so  much  has  escaped,  that  the  matter  deposited 
at  the  bottom  of  the  ocean  takes  a  fresh  bearing  when  the 
evacuation  ceases  and  the  crack  becomes  sealed  up." 

This  theory  perfectly  accords  with  the  phenomena  of 
Dature,  since  there  are  very  few  active  volcanos  at  a  distance 
from  the  sea,  and  the  exceptions  that  do  occur  are  gene- 
rally near  lakes,  or  they  are  connected  with  volcanos  on  the 
maritime  coasts.  Many  break  out  even  in  the  bottom  of  the 
ocean,  probably  owing  to  some  of  the  supports  of  the  super- 
ficial crust  giving  way,  so  that  the  steam  and  lava  are  forced 
up  through  the  fissures. 

Finally,  Mr.  Babbage  observes  that  ''  in  consequence  of 
changes  continually  going  on,  by  the  destruction  of  forests, 
the  filling  up  of  seas,  the  wearing  down  of  elevated  lands, 
the  heat  radiated  from  the  earth's  surface  varies  consider- 
ably at  different  periods.  In  consequence  of  this  variation, 
and  also  in  consequence  of  the  covering  up  of  the  bottom 
of  the  sea,  by  the  detritus  of  the  land,  the  surfaces  of 
equal  temperature  within  the  earth  are  continually  chang- 
ing their  form,  and  exposing  thick  beds  near  the  exterior 
to  alterations  of  temperature.     The  e^pawfivoTv  wv^  ^wv^- 
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traction  of  these  strati  may  form  rents  and  veim,  prodace 
Mrthqnakes,  determine  Tolcanic  irruptionB,  eierUe  conti- 
lCs,  and  possibly  raise  mountain  chains." 
The  numerous  venta  for  the  iniernal  heat  formeil  bj 
volcanoE,  hot  springs,  and  the  eniission  of  Bteam  so  Tn'- 
qnent  in  volcanic  regions,  no  (loubt  maintain  the  Iranquilljii 
of  the  interior  fluid  mass,  which  stems  to  be  perfectlj  iaert, 
unless  when  put  in  motion  by  unequal  preasuie. 

But  to  whatever  cause  the  increasing  heat  of  the  eirtk 
and  the  subterranean  fires  may  ultimately  be  leferred,  it  it 
n  that,  except  in  some  local  instances,  they  hiK  ao 
sensible  effect  on  the  temperature  of  its  surface.  It  m^ 
therefore  he  concluded,  thai  the  heat  of  the  earth  abovt  the 
e  of  uniform  temperature  is  enlirply  owing  to  the  Mii- 
The  power  of  t)ie  solar  rays  depends  much  upoD  dw 
tnannei  in  which  they  fall,  as  we  readUj  perceive  from  the 
different  climatea  on  our  globe.  The  earth  ia  about  thm 
nillione  of  miles  nrarer  to  the  sun  in  winter  than  in  mm- 
mer,  but  the  rays  strike  the  northern  hemisphere  mon 
obliquely  in  winter  than  in  the  other  half  of  the  year. 

The  observations  of  the  north  polar  navigaton,  iti 
those  of  Sir  John  Heischel  at  the  Cape  of  Good  Hq^ 
Bhow  that  the  direct  heating  influence  of  the  aolw  r»j«i« 
greatest  at  the  equator,  and  that  it  diminishes  gradnalljM 
the  latitude  increases.  At  the  equator,  the  maximoin  ii 
48  1°,  while  in  Europe  it  has  never  exceeded  29J-°. 

M.  Pouillet  has  estimated  with  singular  ingenoity,  fna 
a  series  of  observations  made  by  himtelf,  that  the  nhale 
quantity  of  heat  which  the  earth  receive!  annually  fn* 
the  sun,  is  such  as  would  be  sufficient  to  melt  ■  atratum  if 
ice  covering  the  whole  globe  46  feet  deep.  Part  of  ite 
heat  is  radiated  back  into  space ;  but  hy  far  the  greats 
part  descends  into  the  earth  during  the  summer,  lowinl" 
the  zone  of  uniform  temperature,  whence  it  returni  to  dw 
■urface  in  line  courae  of  l\t«  vvifteT ,  vad  tetnfwn  the  wU  ct 
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the  ground  and  the  atmosphere  in  its  passage  to  the  ethereal 
n^ons^  where  it  is  lost^  or  rather  where  it  combines  with 
the  radiation  from  the  other  bodies  of  the  universe  in  main- 
taining the  temperature  of  space.  The  sun's  power  being 
greatest  between  the  tropics^  the  caloric  sinks  deeper  these 
than  elsewhere^  and  the  depth  gradually  diminishes  to- 
wards the  poles ;  but  the  heat  is  also  transmitted  laterally 
from  the  warmer  to  the  colder  strata  north  and  south  of 
the  equator^  and  aids  in  tempering  the  severity  of  the  polar 
legions. 

The  mean  heat  of  the  earth  above  the  stratum  of  con. 
Btant  temperature  is  determined  from  that  of  springs ;  and 
if  the  spring  be  on  elevated  ground^  the  temperature  is 
reduced  by  computation  to  what  it  would  be  at  the  level  of 
the  sea,  assuming  that  the  heat  of  the  soil  varies  according 
to  the  same  law  as  the  heat  of  the  atmosphere^  which  is 
about  1°  of  Fahrenheit's  thermometer  for  every  333*7  feet. 
From  a  comparison  of  the  temperature  of  numerous  springs 
with  that  of  the  air^  Sir  David  Brewster  concludes  that 
there  is  a  particular  line  passing  nearly  through  Berlin^  at 
which  the  temperature  of  springs  and  that  of  the  atmo- 
m^re  coincide ;  that  in  approaching  the  arctic  circle  the 
temperature  of  springs  is  always  higher  than  that  of  the 
air,  while  proceeding  towards  the  equator  it  is  lower. 

Since  the  warmth  of  the  superficial  strata  of  the  earth 
decreases  from  the  equator  to  the  poles,  there  are  many 
places  in  both  hemispheres  where  the  ground  has  the  same 
mean  temperature.  If  lines  were  drawn  through  all  those 
points  in  the  upper  strata  of  the  globe  which  have  the 
same  mean  annual  temperature,  they  would  be  nearly  pa- 
rallel to  the  equator  between  the  tropics,  and  would  become 
more  and  more  irregular  and  sinuous  towards  the  poles. 
These  are  called  isogeothermal  lines.  A  variety  of  local 
circumstances  disturb  their  parallelism  even  between  the 
tropics. 
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I    '     The  terapecalure  of  the  ground  ut  i!ie  equBlor  is  lower 

l>  ''on  the  DOtuits  and  islands  than  in  the  interior  of  conli- 
nentB ;  the  wannest  part  is  in  the  interior  of  Africi,  bat 

I  it  ia  obviouely  aSected  by  the  nature  of  the  Eoil,  eEpeciallf 
if  it  be  volcanic. 

Much  has  been  done  within  a  few  years  to  sBcertain  liw 
manner  in  wbich  heat  is  distributed  over  the  surface  of  aai 
planet,  and  the  Tsmtione  of  chmsti^ ;  which  in  a  general 
View  mean  every  change  of  the  atmosphere,  such  as  of  tem- 
perature, humidity,  variations  of  barometric  pressure,  purilj 
of  air,  the  serenity  of  the  heavens,  the  effects  of  windl, 
■nd  electric  tension.  Temperature  depends  upon  the  pr»- 
perty  which  all  bodies  possess  more  or  less,  of  perpetuali} 
absorbing  and  emitting  or  radiating  heaC  Mlien  the 
interchange  is  equal,  the  temperature  of  a  body  retnaiip 
ihe  same  ;  but  when  the  radiation  exceeds  the  afasorptiiNi, 

■  it  becomes  colder,  and  nice  veteA.  In  order  lo  delermiM 
the  distribution  of  heal  over  the  surface  of  the  earth,  if  n 
necessary  to  find  a  standard  by  which  the  temperature  ia 
difierent  latitudes  maybe  compared.  For  that  pnrpoK, il 
is  requisite  to  ascertain  by  experiment  the  mean  tempen- 
ture  of  the  day,  of  the  month,  and  of  the  year,  at  as  muf 
places  as  possible  throughout  the  earth.  The  aniuul 
average  temperature  may  be  found  by  adding  the  meu 
temperatures  of  all  ibe  months  in  the  year,  and  diridiil 
the  sum  by  twelve.  The  average  of  ten  or  fifteen  jtMt 
will  give  it  nith  tolerable  accuracy  ;  for  although  the  le»- 
perature  in  any  place  may  be  subject  to  very  great  wri- 
ations,  yet  it  never  deviates  more  than  a  few  degreei  bin 
its  mean  state,  which  consequenCy  oSbra  a  good  standiid 
of  comparison. 

If  climate  depended  solely  upon  the  heat  of  the  luo,  lE 
places  having  the  same  latitude  would  have  the  same  incH 
annual  temperature.  The  motion  of  the  sun  in  the  ediplic 
indeed,  occasioDB  perpetual  variaUoni  in  the  length  of  llu 
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Sky,  und  in  the  direction  of  the  rays  with  r^^rd  to  th^ 
^arth ;  yet^  as  the  cause  is  periodic^  the  mean  annual  tem- 
perature from  the  sun's  motion  alone  must  he  constant  in 
each  parallel  of  latitude.  For  it  is  evident  that  the  accu* 
mulation  of  heat  in  the  long  days  of  summer^  which  is  hut 
little  diminished  hy  radiation  during  the  short  nights^  is 
Jbalanced  hy  the  small  quantity  of  heat  received  during  the 
%hort  days  in  winter^  and  its  radiation  in  the  long  frosty 
»nd  clear  nights.  In  fact,  if  the  glohe  were  every  where 
on  a  level  with  the  surface  of  the  sea^  and  of  uniform  sub- 
"Btance,  so  as  to  ahsorh  and  radiate  heat  equally,  the  mean 
lieat  of  the  sun  would  he  r^ularly  distributed  over  its 
mirface  in  zones  of  equal  annual  temperature  parallel  to 
^he  equator,  from  which  it  would  decrease  to  each  pole  as 
the  square  of  the  cosine  of  the  latitude ;  and  its  quantity 
^ould  only  depend  upon  the  altitude  of  the  sun,  and 
lltmospheric  currents.  The  distribution  of  heat  however, 
'in  the  same  parallel,  is  very  irregular  in  all  latitudes  ex- 
cept between  the  tropics,  where  the  isothermal  lines,  or  the 
lines  passing  through  places  of  equal  mean  annual  temper- 
Attire,  are  more  nearly  parallel  to  the  equator.  The  causes 
■of  disturbance  are  very  numerous :  but  such  as  have  the 
"greatest  influence,  according  to  M.  de  Humboldt,  to  whom 
^e  are  indebted  for  the  greater  part  of  what  is  known  on 
-the  subject,  are  the  elevation  of  the  continents,  the  dis- 
tribution of  land  and  water  over  the  surface  of  the  globe, 
"exposing  different  absorbing  and  radiating  powers;  the  vari- 
ations in  the  surface  of  the  land,  as  forests,  sandy  deserts, 
verdant  plains,  rocks,  &c. ;  mountain-chains  covered  with 
masses  of  snow,  which  diminish  the  temperature ;  the  re- 
Terberation  of  the  sun*s  rays  in  the  valleys,  which  increases 
it ;  and  the  interchange  of  currents,  both  of  air  and  water, 
which  mitigates  the  rigour  of  climates ;  the  warm  currents 
from  the  equator  softening  the  severity  of  the  polar  frosts, 
•and  the  cold  currents  from  the  poles  tempering  the  intense 


heftt  of  tbe  eguBtorial  reglone.  To  thi'se  may  be  added 
cultivation,  though  its  influence  extenils  over  but  a  nnill 
portion  of  the  globe,  only  a  fourth  psrt  of  the  lind  being 
inhabited. 

Temperature  decreaacB  with  the  height  above  the  level  of 
the  sea,  as  well  as  with  the  latitude.  The  air  in  the  highet 
Tegions  of  the  atmosphere  is  much  cooler  than  that  b«lair, 
because  the  warm  air  expands  as  it  rises,  by  which  iu 
capacity  for  heat  is  increased,  a  great  proportion  becomn 
latent,  and  less  of  it  sensible.  A  portion  of  air  at  ibe 
surface  of  tlie  earth  whose  temperature  is  70°  of  Fahren- 
heit, if  carried  to  the  height  of  two  miles  and  a  h«l/, 
■would  espund  so  much  that  its  temperature  would  be  re- 
duced 50°  ;  and  in  the  ethereal  regions  the  temperatuie i* 
80°  bdow  the  point  of  congelation. 

The  height  at  which  snow  lies  perpetually  deercues 
g  from  the  equator  to  the  poles,  and  is  higher  in  GUHiRKf 
than  in  winter;  but  it  varies  from  many  circumslano* 
Snow  rarely  falls  when  the  cold  is  intense  and  tbe  «l- 
mosphere  dry.  Extensive  forests  produce  moisture  t^ 
their  evaporation ;  and  high  table-lands,  on  tbe  contmj, 
dry  and  worm  the  air.  In  the  Cordilleras  of  the  Andc^ 
plains  of  only  twenty-five  square  leagues  raise  the  tem- 
perature as  much  as  3°  or  4°  above  what  is  found  at  dit 
same  altitude  on  the  rapid  declivity  of  a  mountain,  mb- 
sequently  the  line  of  perpetual  snow  varies  according  m 
one  or  other  of  these  causes  prevails.  Aspect  in  gni» 
ral,  has  also  a  great  influence;  yet,  according  to  )L 
Jaquemont,  the  line  of  perpetual  snow  is  much  hi^iff 
on  the  northern  than  on  the  southern  side  of  the  Himali;* 
mountains.  On  the  whole,  it  appears  that  the  mean  bei^ 
between  the  tropics  at  which  the  snow  lies  perpetually  ii 
about  15,207  feet  above  the  level  of  tbe  sea;  wbeM 
snow  does  not  cover  the  ground  continually  at  tbe  I*<*1 
of  dte  ocean  till  near  the  north  pole.     In  tbe  Molha* 


SECT.ZXV.      LINE  OF  PERPETUAL  SNOW.  283 

hemisphere^  howeyer,  the  cold  is  greater  than  in  the 
northern.  In  Sandwich  land^  between  the  54th  and  58th 
d^rees  of  latitude^  perpetual  snow  and  ice  extend  to  the 
sea- beach ;  and  in  the  island  of  St.  George's^  in  the  5dd 
degree  of  south  latitude^  which  corresponds  with  the 
latitude  of  the  central  counties  of  England^  perpetual  snow 
descends  even  to  the  level  of  the  ocean.  It  has  been  shown 
that  this  excess  of  cold  in  the  southern  hemisphere  cannot 
be  attributed  to  the  winter  being  longer  than  ours  by  7f 
days.  It  is  probably  owing  to  the  ice  being  more  exten- 
sive at  the  south  than  the  north  pole^  and  to  the  open  sea 
surrounding  it^  which  permits  the  icebergs  to  descend  to  a 
lower  latitude  by  10°  than  they  do  in  the  northern  hemi- 
sphere, on  account  of  the  niunerous  obstructions  opposed 
to  them  by  the  islands  and  continents  about  the  north 
pole.  Icebergs  seldom  float  farther  to  the  south  than  the 
Azores;  whereas  those  that  come  from  the  south  pole 
descend  as  far  as  the  Cape  of  Good  Hope,  and  occasion 
a  continual  absorption  of  heat  in  melting. 

The  influence  of  mountain-chains  does  not  wholly 
depend  upon  the  line  of  perpetual  congelation.  They 
attract  and  condense  the  vapours  floating  in  the  air,  and 
send  them  down  in  torrents  of  rain.  They  radiate  heat 
into  the  atmosphere  at  a  lower  elevation^  and  increase  the 
temperature  of  the  valleys  by  the  reflection  of  the  sun's 
rays^  and  by  the  shelter  they  afford  against  prevailing 
winds.  But  on  the  contrary^  one  of  the  most  general  and 
powerful  causes  of  cold  arising  from  the  vicinity  of  moun- 
tains^ is  the  freezing  currents  of  wind  which  rush  from 
their  lofty  peaks  along  the  rapid  declivities,  chilling  the 
surrounding  valleys :  such  is  the  cutting  north  wind  called 
the  bise  in  Switzerland. 

Next  to  elevation,  the  difference  in  the  radiating  and 
absorbing  powers  of  the  sea  and  land  has  the  greatest 
influence  in  disturbing  the  regular  distribution  of  heat. 
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'  Vhe  extent  of  the  dry  land  is  not  above  the  fimrlh  part 
of  that  of  the  ocean ;  so  that  the  general  tempoftiiiTe  of 
the  atmosphere,  regarded  as  the  result  of  the  partial 
temperatures  of  the  whole  surface  of  the  globe,  it  mast 
powerfully  modified  by  the  sen.  Besides,  the  ocean  act) 
more  uniformly  oii  the  atmosphere  than  the  divet*ifled 
surface  of  the  solid  mass  does,  both  by  the  equality  of  iu 
curvature  and  its  homogeneity.  Iti  opaque  sobstancM 
the  eccumulation  of  heat  is  confined  to  the  stratum  near- 
est the  surface.  The  eeaa  become  less  healed  at  ihar 
surface  than  the  land,  because  the  aolsr  rays,  before  bein; 
extinguished,  penetrate  tlie  transparent  liquid  to  a  greatcf 
depth  and  in  greater  numbers,  llian  in  the  opaque  roasM*. 
On  the  other  hand,  Ivater  has  a  considerable  radiating 
power,  which  together  with  evaporation,  would  reilft 
the  surface  of  the  ocean  to  a  very  low  temperature,  if  tbf 
cold  particles  did  not  sink  to  the  bottom,  on  scconnt  of 
their  superior  drnsity.  The  seas  preserve  a  consiileriblf 
portion  of  the  heat  they  receive  in  summer,  and  tun 
their  saltncss,  do  not  freeze  so  soon  as  fresh  water.  St 
that  in  consequence  of  all  these  circumstances,  the  octM 
is  not  subject  to  such  variations  of  heat  as  the  lud; 
And  by  imparling  its  temperature  to  the  winds,  it  di- 
ininiEhes  the  rigour  of  climate  on  the  coasts  and  in  At 
islands,  mhich  are  never  subject  to  such  extreme*  of  hoi 
and  cold  aa  are  experienced  in  the  interior  of  contiiKnh 
though  they  are  liable  to  fogs  and  rain  from  the  evapof*- 
tion  of  the  adjacent  seas.  On  each  side  of  the  equitirl> 
the  48lh  d^ree  of  latitude,  the  surface  of  the  oceu  » 
iu  general  warmer  than  the  air  above  it.  The  mean  i^ 
the  difference  of  the  temperature  at  noon  and  midnight  ii 
about  l^-ST,  the  greatest  deviation  never  exceeding  ft"" 
0°-36  to  2°*l6,  which  is  much  cooler  than  the  air  on' 
the  land. 

On  land  the  temperature  depends  upon  the  Danre  (f 


PSOT.XXY*         iTEllPEBATURE   OF  THB   LAND.*  JK8S 

the  soil  and  its  products^  its  habitual  moisture  or  dryness^ 
From  the  eastern  extremity  of  the  Sahara  desert  quite 
across  Africa^  the  soil  is  almost  entirely  barren  sand  ;  and 
the  Sahara  desert  itself^  without  including  Dafour  oif 
Dongola,  extends  over  an  area  of  194^000  square  leaguesji 
equal  to  twice  the  area  of  the  Mediterranean  Sea^  and 
faises  the  temperature  of  the  air  by  radiation  from  QO^  tfl^ 
100^^  which  must  have  a  most  extensive  influence.  On 
the  contrary^  vegetation  cools  the  air  by  evaporation  and 
ibe  apparent  radiation  of  cold  from  the  leaves  of  plantS) 
because  they  absorb  more  caloric  than  they  give  out« 
The  graminiferous  plains  of  South  America  cover  an 
extent  ten  times  greater  than  France^  occupying  no  lesiE^ 
than  about  50^000  square  leagues^  which  is  more  than  thc^ 
Fhole  chain  of  the  Andes^  and  all  the  scattered  mountain- 
groups  of  Brazil.  These,  together  with  the  plains  of 
North  America  and  the  steppes  of  Europe  and  Asia^  must 
have  an  extensive  cooling  effect  on  the  atmosphere^  if  it 
be  considered  that  in  calm  and  serene  nights,  they  cause 
the  thermometer  to  descend  12°  or  14i°,  and  that  in  the 
ineadows  and  heaths  in  England,  the  absorption  of  heat  by 
the  grass  is  sufficient  to  cause  the  temperature  to  sink  to 
the  point  of  congelation  during  the  night  for  ten  months 
in  the  year.  Forests  cool  the  air  also  by  shading  the 
ground  from  the  rays  of  the  sun,  and  by  evaporation  from 
the  boughs.  Hales  found  that  the  leaves  of  a  single  plant 
of  helianthus  three  feet  high,  exposed  nearly  forty  feet  of 
surface  ;  and  if  it  be  considered  that  the  woody  regions  of 
the  river  Amazons,  and  the  higher  part  of  the  Oroonoko^ 
occupy  an  area  of  260,000  square  leagues,  some  idea  may 
be  formed  of  the  torrents  of  vapour  which  rise  from  the 
leaves  of  the  forest  all  over  the  globe.  However,  the 
irigorific  effects  of  their  evaporation  are  counteracted  in 
*ome  measure  by  the  perfect  calm  which  reigns  in  the 
tropical   wildernesses.      The  innumerable   rivers,   lakes. 
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pools,  and  marshes  interaperaed  through  the  centinentB 
Bhaorb  caloric,  and  cool  the  air  by  evaporation  ;  bnl  on 
•ccount  of  the  riiJHed  and  dense  particles  sinking  to  the 
bottflra,  deep  water  diminishes  the  cold  of  winter,  ko  long 
ts  ice  ia  not  formed. 

In  coneequenca  of  the  difference  in  the  radiating  ind 
ahsorhing  powers  of  the  sea  and  land,  their  confignradim 
greatly  modifies  the  distribuiion  of  heat  over  the  tarfitt 
of  the  globe.  Under  the  equator  only  one  sixth  part  of  ihe 
circumference  is  land ;  and  the  s^iperlicial  extent  of  land 
in  the  northern  and  southern  hemispheres  is  in  the  propor- 
tion of  three  to  one.  The  effect  of  this  uiipqual  diTiiionii 
greater  in  the  temperate  than  in  the  torrid  zones,  for  tbt 
area  of  land  in  the  northern  temperate  zone  is  to  thai  ia 
the  southern  as  thirteen  to  one,  whereas  the  proportion  tl 
land  between  the  equator  and  each  ttopic  is  as  five  to  foor. 
It  is  a  curious  fact  noticed  by  Mr.  Gardner,  that  only  oat 
twenlj-scvenfh  part  of  tiie  land  of  the  globe  his  land  clii- 
metrically  opposite  to  it.  This  di^^proportionate  arruige- 
ment  of  the  solid  part  of  the  globe  has  a  powerful  inflneim 
on  the  temperature  of  the  southern  "hemiBphere.  B* 
besides  these  greater  modifications,  the  peninaolai,  pn- 
montoriea,  and  capea,  running  out  into  the  ocean,  t^ttlwt 
with  bays  and  internal  seas,  all  affect  temperature.  Tt 
these  may  he  added  the  poaitiou  of  continental  mMtt 
with  regard  to  the  cardinal  points.  All  these  divoiilia 
of  land  and  water  influence  temperature  by  the  agency  ft 
the  winds.  On  this  account  tbe  temperature  is  lower  N 
the  eastern  coasts  both  of  the  New  and  Old  World,  tha 
on  the  western ;  for  conaidering  Europe  as  an  island,  Ik 
general  temperature  is  mild  in  proportion  aa  the  upectii 
open  to  the  western  ocean,  the  superficial  temperatnre  tt 
which,  as  far  north  a«  the  45th  and  50th  d^rees  o(  M- 
tnde,  does  not  fall  below  48°  or  51°  of  Fahrenheit,  eirt 
in  the  middle  of  winter.     On  the  contiary,  the  tM  rf 
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RuBsia  aiises  from  its  exposure  to  the  northern  and  eastern 
winds.  But  the  European  part  of  that  empire  has  a  less 
zSgorous  climate  than  the  Asiatic^  because  it  does  not  ex- 
tend to  so  high  a  latitude. 

The  interposition  of  the  atmosphere  modifies  all  the 
effects  of  the  sun's  heat.  The  earth  communicates  its 
temperature  so  slowly^  that  M.  Arago  has  occasionally 
found  as  much  as  from  14t°  to  18^  of  difference  between 
the  heat  of  the  soil  and  that  of  the  air  two  or  three  inches 
above  it. 

The  circumstances  which  have  been  enumerated  and 
many  more^  concur  in  disturbing  the  regular  distribution 
of  heat  over  the  globe^  and  occasion  numberless  local 
irregularities.  Nevertheless  the  mean  annual  temperature 
becomes  gradually  lower  from  the  equator  to  the  poles. 
But  the  diminution  of  mean  heat  is  most  rapid  between 
the  40th  and  45th  degrees  of  latitude  both  in  £urope  and 
America^  which  accords  perfectly  with  theory ;  whence  it 
appears^  that  the  variation  in  the  square  of  the  cosine  of 
the  latitude  i^  which  expresses  the  law  of  the  change  of 
temperature^  is  a  maximum  towards  the  45th  degree  of 
latitude.  The  mean  annual  temperature  under  the  line  in 
America  is  about  81}°  of  Fahrenheit:  in  Africa  it  is  said 
to  be  nearly  83°.  The  difference  probably  arises  from 
the  winds  of  Siberia  and  Canada^  whose  chilly  influence  is 
sensibly  felt  in  Asia  and  America^  even  within  18°  of  the 
equator. 

The  isothermal  lines  are  nearly  parallel  to  the  equator^ 
till  about  the  22°  of  latitude  on  each  side  of  it^  where  they 
begin  to  lose  their  parallelism^  and  continue  to  do  so  more 
and  more  as  the  latitude  augments.  With  regard  to  the 
northern  hemisphere,  the  isothermal  line  of  59^  of  Fahren- 
heit passes  between  Rome  and  Florence  in  latitude  43°  ; 
and  near  Raleigh  in  North  Carolina,  latitude  36° :  that 

i  Note  ISS. 
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I  ef  50°  of  equal  annual  temperature  runs  through  the 
Netherlands,  latitude  51°  ;  and  near  Boston  ia  ihe  Uniled 
States,  latitude  42,|°  :  that  of  i\°  passes  near  Stockholm, 
latitude  5g^°  ;  and  St.  George's  Bay.  Newfoundland,  Isti- 
tnde  48°  :  and  last);,  the  line  of  39°,  the  freezing  point 
of  n'aler,  posses  between  tJlea  in  Lapland,  latitude  66"; 
and  Table  Bay,  on  the  coast  of  Labrador,  latitude  Si". 

Thus  it  appears,  that  the  isothermal  lines,  which  are 
nearly  parallel  to  the  equator  for  about  22°,  afurwarda 
deviate  more  and  more.  From  the  observations  of  Sir 
Charles  Giesecke  in  Greenland,  of  Captain  Scoresby  in  the 
Arctic  Seas,  and  idsa  from  those  of  Sir  Edward  Parry  and 
Bir  John  Franklin,  it  is  founil  that  the  isothermal  lines  of 
Europe  and  America  entirely  separate  in  (he  high  lati- 
tudes,  and  surround  tno  poles  of  maximum  cold,  one  is 
America  and  the  other  in  the  north  of  Asia,  neither  at 
which  coincides  with  the  pole  of  the  earth's  roialfoo. 
These  poles  are  both  simnre  in  about  the  SOth  patallel  of 
north  latitude.  The  Transatlantic  pole  is  in  the  lOOdl 
degree  of  west  longitude,  about  5°  to  the  north  of  Sir 
Graham  Moore's  Bay,  in  the  Polar  Seas;  and  the  Aiialk 
pole  is  in  the  95th  degree  of  east  longitude,  a  little  to  tbe 
north  of  the  Bay  of  Taimura,  near  the  North-east  Cfb 
According  to  the  estimation  of  Sir  David  Brewster,  froB 
the  observations  of  M.  de  Humboldt  and  Captaina  Pany 
and  Scoreshy,  the  mean  annual  temperature  of  the  AiUtie 
pole  is  nearly  1°  of  Fahrenheit's  thermometer,  and  thatoC 
the  Transatlantic  pole  about  Sj"  below  zero,  whereu  he 
supposes  the  mean  annual  temperature  of  the  pole  of 
rotation  to  be  4°  or  5".  It  is  believed  thai  two  t»- 
responding  poles  of  maximum  cold  eiist  in  tbe  aonlhen 
hemisphere,  though  observalions  are  wanting  to  trace  llw 
course  of  the  southern  isothermal  lines  with  the  same  u- 
curacy  ai  the  northern. 

Tbe  isothermal  lines,  or  eucb  aa  pass  throng  plM* 
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where  the  mean  annual  temperature  of  the  air  is  the  same, 
do  not  always  coincide  with  the  isogeothermal  lines^  which 
are  those  passing  through  places  where  the  mean  tem- 
perature of  the  ground  is  the  same.  Sir  David  Brewster^ 
in  discussing  this  subject^  finds  that  the  isogeothermal 
lines  are  always  parallel  to  the  isothermal  lines;  conse- 
quently the  same  general  formula  will  serve  to  determine 
both^  since  the  difference  is  a  constant  quantity  obtained 
by  observation^  and  depending  upon  the  distance  of  the 
place  from  the  neutral  isothermal  line.  These  results  are 
confirmed  by  the  observations  of  M.  Kupffer  of  Kasan 
during  his  excursions  to  the  norths  which  shows  that  the 
jSuropean  and  the  American  portions  of  the  isogeothermal 
line  of  32^  of  Fahrenheit  actually  separate,  and  go  round 
the  two  poles  of  maximum  cold.  This  traveller  re- 
marked, also,  that  the  temperature  both  of  the  air  and 
of  the  soil  decreases  most  rapidly  towards  the  45th  degree 
of  latitude. 

It  is  evident  that  places  may  have  the  same  mean 
annual  temperature,  and  yet  differ  materially  in  cHmate. 
In  one,  the  winters  may  be  mild  and  the  summers  cool : 
whereas  another  may  experience  the  extremes  of  heat  and 
cold*  Lines  passing  through  places  having  the  same  mean 
summer  or  winter  temperature,  are  neither  parallel  to  the 
isothermal,  the  geothermal  lines,  nor  to  one  another,  and 
they  differ  still  more  from  the  parallels  of  latitude.  In 
£urope,  the  latitude  of  two  places  which  have  the  same 
annual  heat  never  differs  more  than  8^  or  9° ;  whereas 
the  difference  in  the  latitude  of  those  having  the  same 
mean  winter  temperature  is  sometimes  as  much  as  18°  or 
19^.  At  Kasan  in  the  interior  of  Russia,  in  latitude 
55°*48,  nearly  the  same  with  that  of  Edinburgh,  thejnean 
annual  temperature  is  about  37°*6;  at  Edinburgh  it  is 
47^*84.  At  Kasan,  the  mean  summer  temperature  is 
64°'84,  and  that  of  winter  2°'12;  whereas  at  Edinburgh 
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the  mean  summer  l^niperatUTe  is  £8°'3S,  and  Uiat  of 
■winter  38°'6fi.  Whence  it  appears  that  the  difference  of 
winter  temperature  is  much  greater  than  that  of  sumnier. 
At  Quebec,  the  summers  ire  as  warm  as  those  in  Paris, 
and  grapes  sometimes  ripen  in  the  open  air:  whereas  tlie 
winters  are  as  severe  as  in  Pelersburgh ;  the  snow  lies 
fife  feet  deep  for  several  months,  wheel  carriages  cannot 
he  used,  the  ice  is  too  hard  for  skating,  travelling  is  per- 
formed in  sledges,  and  frequently  on  the  iee  of  ibc  tirer 
&l.  Lawrence.  The  cold  at  Melville  Island  on  the  l.^lb 
of  January,  1820,  according  to  Sir  Edward  Farrj,  w" 
55°  below  the  zero  of  Fahrenheit's  thermoineter,  only  S° 
above  the  temperature  of  the  ethereal  regions,  yet  the  sum- 
mer heat  in  these  high  laiitudea  is  insupportable. 

Observadons  tend  to  prove  that  all  the  cUmates  of  the 
earth  are  stable,  and  that  their  vicissitudes  are  only  periodi 
or  oscillations  of  mare  or  less  exlent,  which  vanish  in  de 
mean  animal  temperature  of  a  sufficient  number  of  yesn. 
This  constancy  of  the  mean  annual  temperature  of  thedife- 
ent  places  on  the  surface  of  the  globe  shows  that  the  wm 
quantity  of  heat,  which  is  annually  received  by  the  eirti, 
is  annually  radiated  into  space.  Nevertheless  a  variety  d 
causes  may  disturb  the  climate  of  a  place  ;  cultivation  oof 
make  it  warmer ;  but  it  is  at  the  expense  of  some  Dtba 
place,  which  becomes  colder  in  the  same  proportio* 
There  may  be  a  succession  of  cold  summers  and  niU 
winters,  but  in  some  other  country  the  contrary  tab) 
place  to  effect  the  compensation  ;  wind,  rain,  snow,  f<fi 
and  the  other  meteoric  phenomena,  are  the  roinittm 
employed  to  accomplish  the  changes.  The  distributioa  of 
heat  may  vary  with  a  variety  of  circumstances;  but  tke 
absolute  quantity  lost  and  gained  by  the  whole  earth  is 
the  course  of  a  year  is  invariably  the  same. 
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SECTION  XXVI. 


NTFLUENCE  OF  TEMPERATURE  ON  VEGETATION.  —VEGETATION  VARIES 

WITH  THE  LATITUDE  AND  HEIGHT  ABOVE  THE  SEA. GEOGRAPHICAL 

DISTRIBUTION     OF     LAND     PLANTS.  DISTRIBUTION      OF     MARINE 

PLANTS. CORALLINES,    SHELL-FISH,     REPTILES,    INSECTS,    BIRDS, 

AND    QUADRUPEDS. -—VARIETIES    OF  MANKIND,   YET    IDENTITY  OF 
SPECIES. 


The  gradual  decrease  of  temperature  in  the  air  and  in  the 
arth^  from  the  equator  to  the  poles^  is  clearly  indicated  hy 
t8  influence  on  vegetation.  In  the  valleys  of  the  torrid 
one,  where  the  mean  annual  temperature  is  very  high^ 
nd  where  there  is  abundance  of  moisture^  nature  adorns 
he  soil  with  all  the  luxuriance  of  perpetual  summer.  The 
>alm^  the  bombax  ceiba^  and  a  variety  of  magnificent  trees^ 
ower  to  the  height  of  150  or  200  feet  above  the  banana^ 
be  bamboo,  the  arborescent  fern^  and  numberless  other  tro- 
lical  productions,  so  interlaced  by  creeping  and  parasitical 
>lant8  as  often  to  present  an  impenetrable  barrier.  But 
be  richness  of  vegetation  gradually  diminishes  with  the 
emperature ;  the  splendour  of  the  tropical  forest  is  suc- 
seeded  by  the  regions  of  the  olive  and  vine ;  these  again 
ricid  to  the  verdant  meadows  of  more  temperate  climes ; 
ben  follow  the  birch  and  the  pine,  which  probably  owe 
beir  existence  in  very  high  latitudes  more  to  the  warmth 
»f  the  soil  than  to  that  of  the  air.  But  even  these  enduring 
)lants  become  dwarfish  stunted  shrubs^  till  a  verdant  carpet 
)f  mosses  and  lichens,  enamelled  with  flowers,  exhibits  the 
ast  sign  of  vegetable  life  during  the  short  but  fervent 
mmmers  at  the  polar  regions.  Such  is  the  effect  of  cold 
na  the  vegetable  kingdom,  that  the  number  of  species 
Rowing  under  the  line,  and  in  the  northern  latitudes  o£ 
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46°  ami  68°,  are  in  the  proportion  oF  the  rumLers  12,  4, 
and  1 .  Notwithstanding  the  remarkable  difference  between 
a  tropical  and  polar  Flora,  moistui-e  seema  to  !»  ilmoEt 
the  only  requisite  for  vegetation,  since  neither  heal,  cold, 
nor  even  darkness,  destroys  the  fertility  of  nature.  In  salt 
plains  and  eandy  deeerta  alone,  hopeless  barrenneBS  pt«viiU. 
Plants  grow  on  the  borders  of  hot  springs — they  form  the 
oases  wherever  moisture  exists,  among  tlie  burning  unds  of 
Africa  —  they  are  found  in  caverns  void  of  light,  thoufih 
generally  blanched  and  feeble.  The  oeean  teems  with 
vegetation.  The  snow  itself  not  only  produces  a  red  »lgi, 
discovered  by  Saussure  in  the  frozen  declivities  of  the  Alpt, 
r  found  in  abundance  by  the  author  crossing  the  Col  de  Boa- 
hornme  from  Savoy  to  Piedmont,  and  by  the  ]iolar  mvi- 
gators  in  the  Arctic  regions,  but  it  affords  shelter  to  dte 
productions  of  those  inhospitable  climes,  against  the  ^m- 
ing  winds  that  sweep  over  fields  of  everlasting  ice.  Tbo« 
interesting  mariners  narrate,  that  iiiid,.r  tliis  cold  defeuft- 
plants  spring  up,  dissolve  the  snow  a  few  inches  rouoJ, 
and  the  part  above  being  again  quickly  frozen  into  a  tmn- 
parenC  sheet  of  ice,  admits  the  sun's  rays,  which  warm  and 
cherish  the  plants  in  thi^  natural  hot-house,  till  the  retom- 
ing  summer  renders  such  protection  unnecessary. 

By  far  the  greater  part  of  the  hundred  and  ten  thomuii 
known  species  of  plants  are  indigenous  in  Eqainoeliil 
America.  Europe  contains  about  half  the  number;  A*> 
with  its  islands,  somewhat  less  than  Europe ;  New  Hol- 
land trith  the  islands  in  die  Pacific,  still  less ;  and  in 
Africa  there  are  fewer  vegetable  productions  than  in  anj 
part  of  the  globe  of  equal  extent.  Very  few  social  plaiiH 
such  as  grasses  and  heaths,  that  cover  large  tracts  of  lii>d> 
are  to  he  found  between  the  tropics,  except  on  Uw  M- 
coasts  and  elevated  plains :  some  enceptjons  to  this,  bo*- 
ever,  are  to  be  met  wiih  in  the  junglea  of  the  I>ncu> 
Khandish,  See.     Id  the  equatorial  regions,  wbtn  the  hM 
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18  always  great^  the  distribution  of  plants  depends  upon 
the  mean  annual  temperature ;  whereas  in  temperate  zones 
the  distribution  is  regulated  in  some  degree  by  the  summer 
heat.  Some  plants  require  a  gentle  warmth  of  long  con- 
tinuance^ others  flourish  most  where  the  extremes  of  heat 
and  cold  are  greater.  The  range  of  wheat  is  very  great : 
it  may  be  cultivated  as  far  north  as  the  60th  degree  of 
latitude^  but  in  the  torrid  zone  it  will  seldom  form  an  ear 
below  an  elevation  of  4500  feet  above  the  level  of  the  sea, 
from  exuberance  of  vegetation ;  nor  will  it  ripen  above 
the  height  of  10,800  feet,  though  much  depends  upon 
local  circumstances.  Colonel  Sykes  states  that  in  the 
Deccan  wheat  thrives  1800  feet  above  the  level  of  the 
sea.  The  best  wines  are  produced  between  the  SOth  and 
45th  degrees  of  north  latitude.  With  regard  to  the  vege- 
table kingdom,  elevation  is  equivalent  to  latitude,  as  far 
as  temperature  is  concerned.  In  ascending  the  mountains 
of  the  torrid  zone,  the  richness  of  the  tropical  vegetation 
diminishes  with  the  height ;  a  succession  of  plants  similar 
to,  though  not  identical  with,  those  found  in  latitudes  of 
corresponding  mean  temperature  takes  place;  the  lofty 
forests  by  d^rees  lose  their  splendour,  stunted  shrubs  sue 
ceed,  till  at  last  the  progress  of  the  lichen  is  checked  by 
eternal  snow.  On  the  volcano  of  Teneriffe  there  are  five 
successive  zones,  each  producing  a  distinct  race  of  plants. 
The  first  is  the  region  of  vines,  the  next  that  of  laurels  ; 
these  are  followed  by  the  districts  of  pines,  of  mountain 
broom,  and  of  grass ;  the  whole  covering  the  declivity  of 
the  peak  through  an  extent  of  1 1,200  feet  of  perpendicular 
height. 

Near  the  equator,  the  oak  flourishes  at  the  height  of 
9200  feet  above  the  level  of  the  sea ;  and  on  the  lofty 
range  of  the  Himalaya,  tlie  primula,  the  convallaria,  and 
the  veronica  blossom,  but  not  the  primrose,  the  lily  of  the 
valley,  pr  the  veronica  which  adorn  our  meadows ;   for 
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although  the  herbarium  collected  by  Mr.  Mootcrofl,  on 
his  route  from  Neetee  to  Daba  and  Garlope  in  Chinese 
Tattar/j  at  elevationB  aa  high  or  even  higher  than  Mont 
Blanc,  abounds  in  Alpine  and  European  genera,  the  species 
are  universally  different,  with  the  single  exception  of  the 
rhodiola  rosea,  which  is  identical  with  the  spedea  thtt 
blaonia  in  Scotland.  It  is  not  in  this  instance  alone  that 
similarity  of  climate  obtains  without  identity  of  prodac* 
tions;  throughout  the  whole  globe,  a  certain  analogy  both 
of  structure  and  appearance  is  frequently  diacovcreJ  be- 
tween plants  under  corresponding  circumstances,  which  ire 
yet  epecifically  different.  It  is  even  said  that  a  distaaw 
of  23'  of  latitude  occasions  a  total  change,  not  only  of 
vegetable  productions,  but  of  organized  beinge.  Cerlsin  ii 
is,  that  each  separate  region  both  of  land  and  water,  boa 
the  frozen  shorea  of  the  polar  circles  to  the  burning  tepaci 
of  the  torrid  zone,  possesses  a  Flora  of  species  peculiariy 
its  own.  The  whole  globe  has  been  diviiiijil  by  bolanicaJ 
geographers  into  twenty-seven  botanical  districts,  diBoing 
almost  entirely  in  their  specific  vegetable  productions;  thr 
limits  of  which  are  most  decided  when  they  are  separiud 
by  a  wide  expanse  of  ocean,  mountain-chains,  sandy  desert^ 
salt  plains,  or  infernal  seas.  A  considerable  numbo- of 
plants  are  common  to  the  northern  regions  of  .4sia,  Eunjc, 
and  America,  where  tlie  continents  almost  unite;  butift 
approaching  the  south,  the  Floras  of  these  three  gR*t 
divisions  of  the  globe  differ  more  and  more  even  in  ^ 
same  parallels  of  latitude,  which  shows  that  temperttnit 
alone  is  not  the  cause  of  the  almost  complete  diversity  of 
species  that  every  where  prevails.  The  Floras  of  China, 
Siberia,  Tartary,  of  the  European  district  including  Ceotnl 
Europe,  and  the  coast  of  the  Mediterranean,  and  the  Orieatil 
region,  comprising  the  countries  round  the  Black  and  C»- 
pian  Seas,  all  differ  in  specific  character.  Only  tweniy- 
four  speciefl  were  found  by  MM.  Bonpland  and  Humboldt 
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in  Equinoctial  America  identical  with  those  of  the  Old 
World :  and  Mr.  Brown  not  only  found  that  a  peculiar 
vegetation  exists  in  New  HoUand^  hetween  the  33d  and 
35th  parallels  of  south  latitude^  hut  that^  at  the  eastern 
and  western  extremities  of  these  parallels,  not  one  species 
is  common  to  hoth^  and  that  certain  genera  also  are  almost 
entirely  confined  to  these  spots.  The  numher  of  species 
common  to  Australia  and  Europe  are  only  l66  out  of 
4100,  and  probably  some  of  these  have  been  conveyed 
thither  by  the  colonists.  This  proportion  exceeds  what  is 
observed  in  Southern  Africa,  and  from  what  has  been 
already  stated,  the  proportion  of  European  species  in 
Equinoctial  America  is  still  less. 

Islands  partake  of  the  vegetation  of  the  nearest  con- 
tinents, but  when  very  remote  from  land  their  Floras  are 
idtogether  peculiar.  The  Aleutian  Islands,  extending  be- 
tween Asia  and  America,  partake  of  the  vegetation  of  the 
northern  parts  of  both  these  continents,  and  may  have  served 
as  a  channel  of  communication.  In  Madeira  and  Teneriffe, 
-the  plants  of  Portugal,  Spain,  the  Azores,  and  of  the  north 
coast  of  Africa  are  found  ;  and  the  Canaries  contain  a  great 
number  of  plants  belonging  to  the  African  coast.  But  each 
of  these  islands  possesses  a  Flora  that  exists  nowhere  else  ; 
and  St.  Helena,  standing  alone  in  the  midst  of  the  Atlantic 
Ocean^  out  of  sixty-one  indigenous  species,  produces  only 
two  or  three  recognised  as  belonging  to  any  other  part  of 
the  world. 

It  appears  from  the  investigations  of  M.  de  Humboldt, 
that  between  the  tropics  the  monocotyledonous  plants,  such 
as  grasses  and  palms  which  have  only  one  seed-lobe,  are  to 
the  dicotyledonous  tribe,  which  have  two  seed-lobes  like 
most  of  the  European  species,  in  the  proportion  of  one  to 
four  ;  in  the  temperate  zones  they  are  as  one  to  six  ;  and 
in  the  Arctic  regions,  where  mosses  and  lichens  which 
form  the  lowest  order  of  the  vegetable  creation  abound, 
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the  proportion  la  ta  one  to  two.  The  annual  manocot]'- 
ledonous  and  dicotyledonous  planta  in  the  temperate  zonea 
amaunt  to  one  sixih  of  the  nhole,  omitting  the  Ci7pu>- 
gamia '  -  in  the  torrid  zone,  ihey  Ecarcel;  form  one  twentieth, 
■nd  in  Lapland  one  thirtieth  part.  In  approaching  the 
equator,  tlie  ligneus  exceed  the  number  of  herbueoni 
plants;  in  America,  there  are  a  hundred  and  twenty  di& 
ferent  species  of  forest  trees,  whereas  in  the  same  laljtudei 
in  Europe  only  tliirty-four  are  to  be  found. 

Similar  laws  appear  to  regulate  the  distribution  of  mariDc 
plants.  M.  Laraouroux  has  discovered  that  the  groups  of 
alga;,  or  marine  pknts,  affect  particular  temperatures  oi 
zones  of  latitude,  though  some  few  genera  prev^l  throne- 
out  the  ocean.  The  polar  Atlantic  basin,  to  tlie  40th  degm 
of  north  latitude,  presents  a  well-defined  vegetation.  Tbt 
West  Indian  ieas,  includingtbeGulf  of  Mexico,  theeajtai 
coast  of  South  America,  the  Indian  Ocean  anditsguUB.dw 
shores  of  New  Holland,  and  the  reiRhbouriug  islands, hivr 
each  their  distinct  species.  The  Mediterranean  posseMCfi 
vegetation  peculiar  to  itself,  extending  to  the  BTack  Sa; 
and  the  species  of  marine  plants  on  the  coast  of  Syria  ud 
in  the  port  of  Alexandria  differ  almost  entirely  from  thow 
of  Suez  and  the  Red  Sea,  notwithstanding  the  proximity  of 
their  geographical  situation.  It  is  obaerved  that  shillp* 
seas  have  a  (iifferent  set  of  plants  from  such  as  are  deepet 
and  colder ;  and,  like  terrestrial  vegetation,  the  algc  U* 
most  numerous  towards  the  equator,  where  the  quantity 
must  be  prodigious,  if  we  may  judge  from  the  gulf-wMd, 
which  certainly  has  its  origin  in  the  tropical  seas,  and  )■ 
drifted,  though  not  by  the  gulf-stream,  to  higher  iatitudei, 
where  it  accumulates  in  such  quantities,  that  the  early  Por- 
tuguese navigators,  Columbus  and  Lerius,  compared  ibe 
sea  to  extensively  inundated  meadows,  in  which  it  actnilly 
impeded  their  ships  and  alarmed  their  sailors.     M.  de 
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Humboldt^  in  his  Personal  Narratiye^  mentions^  that  the 
most  extensive  bank  of  sea- weed  is  in  the  northern  Atlantic^ 
s  little  west  of  the  meridian  of  Fayal^  one  of  the  Azores^ 
between  the  25th  and  36th  degrees  of  latitude.  Vessels  re- 
taming  to  Europe  from  Monte  Video^  or  from  the  Cape  of 
Good  Hope^  cross  this  bank  nearly  at  an  equal  distance 
ftom  the  Antilles  and  Canary  Islands.  The  other  bank 
occupies  a  smaller  space,  between  the  22d  and  26th  de- 
grees of  north  latitude^  about  eighty  leagues  west  of  the 
meridian  of  the  Bahama  Islands,  and  is  generally  traversed 
by  vessels  on  their  passage  from  the  Caicos  to  the  Bermuda 
Islands.  These  masses  consist  chiefly  of  one  or  two  species 
of  Sargassum^  the  most  extensive  genus  of  the  order 
Fucoidee. 

Some  of  the  sea-weeds  grow  to  the  enormous  length  of 
several  hundred  feet^  and  all  are  highly  coloured,  though 
many  of  them  must  grow  in  the  deep  caverns  of  the  ocean^ 
in  total  or  almost  total  darkness ;  light  however  may  not 
be  the  only  principle  on  which  the  colour  of  vegetables 
depends^  since  M.  de  Humboldt  met  with  green  plants 
growing  in  complete  darkness  at  the  bottom  of  one  of  the 
mines  at  Freyberg. 

It  appears  that  in  the  dark  and  tranqml  caves  of  the 
ooean^  on  the  shores  alternately  covered  and  deserted  by 
the  restless  waves^  on  the  lofty  mountain  and  extended 
plain,  in  the  chilly  regions  of  the  north  and  in  the  genial 
warmth  of  the  south,  specific  diversity  is  a  general  law  of 
the  vegetable  kingdom,  which  cannot  be  accounted  for  by 
diversity  of  climate;  and  yet  the  similarity^  though  not 
identity^  of  species  is  such,  under  the  same  isothermal  lines, 
that  if  the  number  of  species  belonging  to  one  of  the  great 
families  of  plants  be  known  in  any  part  of  the  globe,  the 
whole  number  of  the  phanerogamous  or  more  perfect  plants, 
and  also  the  number  of  species  composing  the  other  vegetable 
families^  may  be  estimated  with  considerable  accuracy. 
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VariouB  opinions  hsTe  been  formed  on  the  original  or 
primitive  distribution  of  plants  over  the  surface  of  the 
globe ;  but  since  botanical  geography  became  a  Tegobr 
science,  the  phenomena  observed  liave  led  lo  the  conda- 
sion  that  vegetable  creation  must  have  taken  place  in  i 
number  of  distinctly  different  centres,  each  of  which  wm 
the  original  seat  of  a  certain  number  of  peculiar  species, 
which  at  first  grew  there  and  nowhere  else.  Heaths  in 
exclusively  confined  to  the  Old  \rorld,  &nd  uo  indigenooi 
rose  tree  has  ever  been  diecoTered  in  tlie  New ;  the  whole 
sauthem  hemisphere  being  destitute  of  that  beautiful  and 
fragrant  plant.  But  this  is  still  more  confirmed  by  mnllu 
tudes  of  particular  plants  having  an  entirely  local  and  in- 
sulated existence,  growing  Bpontaiieously  in  some  paiticolu 
spot  and  in  no  other  place ;  for  example,  the  cedar  of 
Lebanon,  which  grows  indigenously  on  that  mountain  Uid 
in  no  other  part  of  the  world.  On  the  other  hand  as  tbnt 
can  Ik  no  doubt  but  that  many  races  of  i)lonls  hnvf  bitn 
extinguished.  Sir  John  Herschel  tbinbe  it  possible  tbii 
these  solitary  instances  may  be  the  last  surviving  remnuiB 
of  the  same  groups  universally  disseminated,  but  in  count 
of  extinction,  or  that  perhaps  two  processes  way  it 
going  on  at  the  same  time  ;  "  some  groups  maj  bt 
spreading  from  their  foci,  others  retreating  to  tlieir  Ud 
strong  holds." 

The  same  laws  obtain  in  the  distribution  of  the  animil 
creation.  The  zoophite ',  occupying  the  lowest  place  i* 
animated  nature,  is  widely  scattered  through  the  ie«  of 
the  torrid  zone,  each  species  being  confined  to  the  district 
best  fitted  to  its  existence.  Shell-fish  decrease  in  uie  u' 
beauty  with  their  distance  from  the  equator  ;  and  it  ft 
as  is  known,  each  sea  has  its  own  kind,  and  every  ba^  i>' 
the  ocean  is  inhabited  by  its  peculiar  tribe  of  fish.  Inked 
MM.  Peron  and  Le  Sueur  assert,  that  among  the  nUT 
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thousands  of  marine  animals  which  they  had  examined, 
there  is  not  a  single  animal  of  the  southern  regions  which 
is  not  distinguishahle  by  essential  characters  from  the 
analogous  species  in  the  northern  seas.  Reptiles  are  not 
exempt  from  the  general  law.  The  saurian  ^  tribes  of  the 
four  quarters  of  the  globe  differ  in  species ;  and  although 
warm  countries  abound  in  venomous  snakes,  they  are  spe- 
cifically different,  and  decrease  both  in  numbers  and  in 
the  virulence  of  their  poison  with  decrease  of  temperature. 
The  dispersion  of  insects  necessarily  follows  that  of  the 
vegetables  which  supply  them  with  food ;  and  in  general 
it  is  observed,  that  each  kind  of  plant  is  peopled  by  its 
peculiar  inhabitants.  Each  species  of  bird  has  its  par- 
ticular haunt,  notwithstanding  the  locomotive  powers  of 
the  winged  tribes.  The  emu  is  confined  to  Australia,  the 
condor  never  leaves  the  Andes,  nor  the  great  eagle  the 
Alps;  and,  although  some  birds  are  common  to  every 
country,  they  are  few  in  number.  Quadrupeds  are  distri- 
buted in  the  same  manner  wherever  man  has  not  inter- 
fered. Such  as  are  indigenous  in  one  continent  are  not 
the  same  with  their  congeners  in  another ;  and  with  the 
exception  of  some  kinds  of  bats,  no  warm-blooded  animal 
is  indigenous  in  the  Polynesian  Archipelago,  nor  in  any 
of  the  islands  on  the  borders  of  the  central  part  of  the 
Pacific. 

In  reviewing  the  infinite  variety  of  organized  beings 
that  people  the  surface  of  the  globe,  nothing  is  more  re- 
markable than  the  distinctions  which  characterize  the 
different  tribes  of  mankind,  from  the  ebony  skin  of  the 
torrid  zone  to  the  fair  and  ruddy  complexion  of  Scan- 
dinavia, —  a  difference  which  existed  in  the  earliest  re- 
corded times,  since  the  African  is  represented  in  the  sacred 
writings  to  have  been  as  black  as  he  is  at  the  present  day, 
and  the  most  ancient  Egyptian   paintings  confirm  that 
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truth  ;  ^et  it  appeurB  from  a  compariHon  of  the  principal 
circumstauces  relating  to  the  animal  economy  or  physical 
character  of  the  various  tribes  of  matibin  J,  tliat  ihedlffereal 
races  are  identical  in  species.  Many  attempts  haicbeen 
made  to  trace  the  various  tribes  hack  to  a  common  origin, 
by  collating  the  Damerous  languages  which  a.n  or  hive 
been  spoken.  Sonne  classes  of  these  have  few  or  no  wonli 
in  common,  yet  exhibit  a  remarkable  analogy  in  the  Uwi 
of  their  grammatical  construction.  The  languages  ipakcn 
by  the  native  American  nations  aSbrd  examples  of  theie  i 
inileed  tbe  refinement  in  the  grammatical  constructioD  tl 
the  tongues  of  the  American  savages  leads  to  the  belief, 
that  they  must  originally  have  been  spoken  by  a  much  nunc 
civilized  class  of  mankind.  Some  tongues  have  little  or  w 
resemblance  in  structure,  though  they  correspond  aUn- 
■ively  in  their  vocabularies,  as  the  Syrian  ditlecU.  li 
all  of  these  cases  it  may  be  inferred,  that  the  natlOM 
speaking  the  languages  in  ijueation  are  descended  from  ihf 
same  stock  ;  but  the  probability  of  a  common  origin  ii 
much  greater  in  the  Indo-European  nations,  whose  lan- 
guages, such  as  the  Sanscrit,  Greek,  Latin,  German,  &«? 
have  an  affinity  both  in  structure  and  correspondent  d 
vocables.  In  many  tongues  not  the  smallest  resemblance  cai 
be  traced  ;  length  of  time,  however,  may  have  oblilenttd 
original  identity.  The  conclusion  dravtn  from  the  wh* 
investigation  is,  that  although  the  distribution  of  organiwd 
beings  does  not  follow  the  direction  of  the  iBOihemial  UiMi 
temperature  has  a  very  great  influence  on  their  phjuo^ 
developement.  The  heat  of  the  air  is  so  intimately  o»- 
nected  with  its  electrical  condition,  that  electricilj  »»* 
also  affect  the  distribution  of  plants  and  animals  overlbt 
face  of  the  earth,  ihe  more  so  as  it  seema  to  have  a  great 
share  in  the  functions  of  animal  and  vegetable  life.  It  it  the 
sole  cause  of  many  atmospheric  and  terrestrial  pbenomeiu, 
and  performs  an  important  part  in  the  economy  of  natm. 
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SECTION  XXVII. 

I 

OF    ORDINARY    ELECTRICITr,    GENERALLY    CALLED    ELECTRICITY    OF 

TENSION. METHODS    OF   EXCITING   BODIES. TRANSFERENCE. 

ELECTRICS  AND  NON-ELECTRICS. — LAW  OF  ITS  INTENSITY. DIS- 
TRIBUTION.  TENSION. ELECTRIC  HEAT  AND  LIGHT. ATMO- 
SPHERIC ELECTRICITY. ITS  CAUSE.  -—ELECTRIC    CLOUDS. BACK 

STROKE. VIOLENT    EFFECTS    OF    LIGHTNING. ITS   VELOCITY. 

PHOSPHORESCENCE. AURORA. 

Electricity  is  one  of  those  imponderable  agents  pervad- 
ing the  earth  and  all  substances^  without  affecting  their 
Tolume  or  temperature,  or  even  giving  any  visible  sign  of 
its  existence  when  in  a  latent  state ;  but  when  elicited,  deve- 
loping forces  capable  of  producing  the  most  sudden, violent, 
and  destructive  effects  in  some  cases,  while  in  otliers  their 
action,  though  less  energetic,  is  of  indefinite  and  uninter- 
rupted continuance.  These  modifications  of  the  electric 
force,  incidentally  depending  upon  the  manner  in  which  it 
is  excited,  present  phenomena  of  great  diversity,  but  yet 
80  connected  as  to  justify  the  conclusion  that  they  originate 
in  a  common  principle. 

Electricity  may  be  called  into  activity  by  mechanical 
power,  by  chemical  action,  by  heat,  and  by  magnetic  in- 
fluence. We  are  totally  ignorant  why  it  is  roused  from  its 
neutral  state  by  such  means,  or  of  the  manner  of  its  exist- 
ence in  bodies,  whether  it  be  a  material  agent,  vibrations 
of  ether,  or  merely  a  property  of  matter.  But  as  some 
hypothesis  is  necessary  for  explaining  the  phenomena  ob- 
served, it  is  assumed  to  be  a  highly  elastic  fluid,  capable  of 
moving  with  various  degrees  of  facility  through  the  pores 
or  even  the  substance  of  matter,  probably  that  ethereal 
subtle  medium  which  pervades  the  regions  of  space.     As 
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esperieDce  shows  that  bodies  in  one  electric  stale  altnct, 
snd  in  another  repe!  each  other,  the  hypotheaa  of  two 
fluids  has  been  adopted  by  many  philosophers ;  but  il  is 
much  more  probable  that  the  mutual  attraction  and  repul- 
sion of  bodies  arise  from  the  redundancy  and  defect  of 
their  electricitiee,  though  all  the  electrical  phenomeJil  can 
be  explained  on  either  hyporhesis,  liodies  having  a  re- 
dundancy of  the  electric  fluid  are  said  to  be  poiilivdj 
electric,  and  those  in  defect  negatively.  As  each  kind  of 
electricity  baa  its  peculiar  properties,  the  science  ni»y  be 
divided  into  four  branches,  of  which  the  following  nolin 
is  intended  to  convey  some  idea. 

Substances  in  which  the  positive  and  negative  eitc- 
tricities  are  combined,  being  in  a  neutral  slate,  neither 
attract  nor  repel.  There  is  a  numerous  class  called  cl«- 
Irica,  in  which  the  electric  equilibrium  is  destroyed  bf 
fnction :  then  the  positive  and  negative  electricitiea  m 
called  into  action  or  separated  ;  the  positive  is  impelW  in 
one  direction,  and  the  negative  in  another ;  those  of  the 
same  kind  repel,  whereas  those  of  different  kinde  aiwtt 
each  other.  The  attractive  power  is  exactly  equal  to  the 
repulsive  power  at  equal  distances,  and  when  not  opposed, 
they  coalesce  with  great  rapidity  and  violence ;  produdng 
the  electric  flash,  explosion,  and  shock :  then  equihbriiM 
is  restored,  and  the  electricity  remains  latent  till  ^fi' 
called  forth  by  a  new  exciting  cause.  One  kind  of  dec- 
tricity  cannot  be  evolved  without  the  evolution  of  «n  eqwl 
quantity  of  the  opposite  kind.  Thus,  when  a  glasa  rod  it 
rubbed  with  a  piece  of  silk,  as  much  positive  electridiy  ii 
elicited  in  the  glass  as  there  is  negative  in  the  silk.  Tta 
kind  of  electricity  depends  more  upon  the  mechanietl  coD- 
dition  than  on  the  nature  of  the  surface ;  for  when  two 
plates  of  glass,  one  polished  and  the  other  rough,  sre  rabM 
against  each  other,  the  polished  surface  acquires  positive  ud 
the  rough  negative  electricity.    The  manner  in  which  &ic- 
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perfonned  also  alters  the  kind  of  electricity.  Equal 
s  of  black  and  white  riband  applied  longitudinally 

another^  and  drawn  between  the  finger  and  thumb, 

to  rub  their  surfaces  together,  become  electric. 
I  separated,  the  black  riband  is  found  to  have  ac- 
L  negative  electricity,  and  the  white  positive :  but  if 
hole  length  of  the  black  riband  be  drawn  across  the 
:h  of  the  white,  the  black  will  be  positively  and  the 

negatively  electric  when  separate.  Electricity  may 
nsferred  from  one  body  to  another  in  the  same  man- 
s  heat  is  communicated,  and  like  it  too,  the  body 
by  the  transmission.  Although  no  substance  is  alto- 
r  impervious  to  the  electric  fluid,  nor  is  there  any 
Ices  not  oppose  some  resistance  to  its  passage,  yet  it 
I  vnch  much  more  facility  through  a  certain  class  of 
mces  called  conductors,  such  as  metals,  water,  the 
n  body,  &c.,  than  through  atmospheric  air,  glass, 
fee,  which  are  therefore  called  non-conductors.  The 
icting  power  is  affected  both  by  temperature  and 
ure. 

dies  surrounded  with  non-conductors  are  said  to  be 
ited,  because,  when  charged,  the  electricity  cannot 
e.  When  that  is  not  the  case,  the  electricity  is  con- 
l  to  the  earth,  which  is  formed  of  conducting  matter ; 
iquently  it  is  impossible  to  accumulate  electricity  in  a 
icting  substance  that  is  not  insulated.     There  are  a 

many  substances  called  non-electrics,  in  which  elec- 
y  is  not  sensibly  developed  by  friction,  unless  they  be 
ated,  probably  because  it  is  carried  off  by  their  con- 
ng  power  as  soon  as  elicited.  Metals,  for  example, 
h  are  said  to  be  non-electrics,  can  be  excited,  but 
;  conductors,  they  cannot  retain  this  state  if  in  com- 
ication  with  the  earth.  It  is  probable  that  no  bodies 
which  are  either  perfect  non-electrics  or  perfect  non- 
actors.     But  it  is  evident  that  electrics  must  be  non- 
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conductors  to  a  certain  degree,  otherwise  tbe;  coold  not 
retain  their  electric  state. 

It  has  hcen  supposed  that  an  insulated  body  remains  hi 
rest,  because  the  lension  of  the  electricity,  or  its  pressure 
on  the  air  which  reatrMna  it,  is  equal  on  all  aides;  but 
when  a  body  in  a  similar  ntate,  and  charged  nith  the  woe 
kind  of  electricity,  approaches  it,  that  the  mutual  lepnUoii 
of  the  particles  of  ihe  electric  fluid  diminishes  the  pieanie 
of  the  fluid  on  the  air  on  the  adjacent  sides  of  the  two 
bodies,  and  increases  it  on  their  remote  ends ;  eonsequenil* 
that  eqailihrium  will  be  destroyeil,  and  the  bodies,  yieldiif 
to  the  action  of  the  preponderating  force,  nill  recede  Sran 
or  repel  each  other.  When,  on  the  contrary,  they  tit 
charged  with  opposite  electricities,  it  ia  alleged  that  the 
pressure  upon  the  air  on  the  adjacent  sides  will  be  in- 
creased by  the  mutual  attraction  of  the  particles  tt  tk« 
electric  fluid,  and  that  on  the  further  sides  diminiaM; 
consequently,  that  tho  force  will  urf;e  the  bodies  lotviis 
one  another,  the  motion  in  both  cases  corresponding  to  Ae 
forces  producing  it.  An  attempt  has  thus  been  made  N 
attribute  electrical  attractions  and  repiUsions  to  the  Wt- 
chanical  pressure  of  the  atmosphere.  It  is  moR  dua 
doubtful,  however,  whether  these  phenomena  can  be  in- 
ferred to  that  cause;  but  certain  it  is,  that  whateTcrtke 
nature  of  these  forces  may  be,  they  are  not  impeded  ia 
their  action  b;  the  intervention  x>!  any  substance  whatmr, 
provided  it  be  not  itself  in  an  electric  state. 

A  body  charged  with  electricity,  although  perfeed/ 
insulated,  so  that  all  escape  of  electricity  is  preclade4i 
tends  to  produce  an  electric  state  of  the  opposite  kind  ia 
all  IxMliea  in  its  vicinity.  Positive  electricity  tends  t* 
produce  negative  electricity  in  a  body  near  to  it,  and  »«W 
v&rs&,  the  effect  being  greater  as  the  distance  diminiAc^ 
This  power  which  electricity  possesses,  of  ciuiing  M 
opposite  electrical  state  in  ila  vicinity,  ia  called  ii 
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lioi  a  body  charged  with  either  species  of  electricity  is 
esented  to  a  neutral  one,  its  tendency,  in  consequence  of 
e  law  of  induction^  is  to  disturb  the  electrical  condition 

the  neutral  body.  The  electrified  body  induces  electn^ 
ty  contrary  to  its  own  in  the  adjacent  part  of  the  neutral 
le^  and  therefore  an  electrical  state  similar  to  its  own  in 
e  remote  part.  Hence  the  neutrality  of  the  second  body 
destroyed  by  the  action  of  the  first,  and  the  adjacent 
prts  of  the  two,  having  now  opposite  electricities,  will 
tract  each  other.  The  attraction  between  electrified  and 
lelectrified  substances  is  therefore,  merely  a  consequence 
•.  their  altered  state,  resulting  directly  from  the  law  of 
jduction,  and  not  an  original  law.  The  effects  of  induc- 
m  depend  upon  the  facility  with  which  the  equilibrium 
'  die  neutral  state  of  a  body  can  be  overcome, — a  facility 
hieb  is  proportional  to  the  conducting  power  of  the  body. 
ODsequently,  the  attraction  exerted  by  an  electrified  sub- 
nioe  upon  another- substance  previously  neutral,  will  be 
ndi  more  energetic  if  the  latter  be  a  conductor  than  if  it 
I  a  non-conductor. 

The  law  of  electrical  attraction  and  repulsion  has  been 
ammined  by  suspending  a  needle  of  gum- lac  horizontally 
fa  silk  fibre,  the  needle  carrying  at  one  end  a  piece  of 
tetrified  gold-leaf.  A  globe  charged  with  the  same,  or 
ith  the  opposite  kind  of  electricity,  when  presented  to  the 
old  leaf,  will  repel  or  attract  it,  and  will  therefore  cause 
le  needle  to  vibrate  more  or  less  rapidly  according  to  the 
iitance  of  the  globe.  A  comparison  of  the  number  of 
Killations  performed  in  a  given  time  at  different  distances, 
m  determine  the  law  of  the  variation  of  the  electrical 
itensity,  in  the  same  manner  that  the  force  of  gravitation 
I  measured  by  the  oscillations  of  the  pendulum.  Coulomb 
ivented  an  instrument  which  balances  the  forces  in  ques- 
on  by  the  force  of  the  torsion  of  a  thread,  which  conse- 
vently  measures  their  intensity ;  and  Mr.  Snow  Harris  has 
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recently  (^antructeil  ao  instrument  with  vhidi  he  hu 
neaiured  the  intensity  of  the  eleclrical  force  in  lerms  of 
the  weight  requisite  to  balance  it.  B;  tbeu  methods  ii  bu 
been  found  that  the  intensity  of  the  electrical  attranioD  and 
lepulfion  varicB  inversely  as  the  squares  of  the  distancef, 
However  the  law  of  the  repulsive  force  it  liible  to  grau 
disturbance  from  inductive  aetion,  which  Mr.  Snow  Uirrii 
has  found  Co  exist  not  only  between  a  charged  and  oeiitnl 
body,  but  also  between  bodies  similarly  charged,  »ni  thai 
in  the  latter  case  the  inductive  process  may  be  indefinildi 
modified  by  the  various  circumstances  of  the  quantity  imf 
intensity  of  the  electricity,  and  the  distance  between  ibt 
charged  bodies.  Since  electricity  can  only  be  in  equilibu 
from  the  mutual  repulsion  of  its  particles, — which  •»> 
cording  to  these  experiments  varies  inversely  as  the  s^niw 
of  the  distances,  —  ita  distribution  in  different  bodie>4^ 
penils  upon  the  laws  of  mechanics,  and  therefore  bnoiM 
a  subject  of  analysis  and  calculation.  Allhoush  tliedij- 
iribulion  of  tlie  eleclric  fluid  has  employed  thu  tniiKul 
analytical  talents  of  M.  Polsson  and  Mr.  Ivory,  and  ihoi^ 
many  of  their  computed  phenomena  have  beeo  coofiiw' 
by  observation,  yet  recent  experiments  show  that  the  n^ 
ject  is  Biill  involved  in  much  difficulty.  Electricity  it  a- 
tirely  confined  to  the  surface  of  bodies;  ot  if  it  to 
penetrate  their  subslancc,  the  depth  ia  inappredaUe;  V 
that  Che  quantity  bodies  are  capable  of  receiving  doeiMl 
follow  the  proportion  of  their  bulk,  but  depends  priikcipiT 
upon  the  form  and  extent  of  surface  over  which  it  ii  iptali 
thus  the  exterior  may  be  positively  or  negatively  clectK 
while  the  interior  is  in  a  state  of  perfect  neutrality. 

It  appears  from  the  experiments  of  Mr.  Snow  Hm 
that  a  given  quaotity  of  electricity  dirided  betwew  tM 
perfectly  equal  and  similar  bodies,  exerts  upon  cxIM'' 
bodies  only  one  fourth  of  the  attractive  force  apf*Ml 
wheD  diiposed  ivpoa  otw  ot  'iltieia  ■,  vd&SX.  Sii,  ^  d 
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among  three  equal  and  similar  bodies^  the  force  is  one 
ninth  of  that  apparent  when  it  is  disposed  on  one  of  them. 
Hence  if  the  quantity  of  electricity  be  the  same,  the  force 
fuies  inversely  as  the  square  of  the  surface  over  which 
it  is  disposed ;  and  if  the  surface  be  the  same^  the  force 
varies  directly  as  the  square  of  the  quantity  of  the  electric 
fluid.  These  laws  however  do  not  hold  when  the  form 
of  the  surface  is  changed.  A  given  quantity  of  elec- 
tricity disposed  on  a  given  surface  has  the  greatest  in- 
tensity when  the  surface  has  a  circular  form^  and  the  least 
intensity  when  the  surface  is  expanded  into  an  indefinite 
right  line.  The  decrease  of  intensity  seems  to  arise  from 
some  peculiar  arrangement  of  the  electricity  depending  on 
the  extension  of  the  surface^  and  has  been  considered  by 
Volta  to  consist  in  the  removal  of  the  electrical  particles 
further  without  the  sphere  of  each  other's  influence.  It  is 
quite  independent  of  the  extent  of  the  edge^  the  area  being 
the  same ;  for  Mr.  Snow  Harris  found  that  the  electrical 
intensity  of  a  charged  sphere  is  the  same  with  that  of  a 
plane  circular  area  of  the  same  superficial  extent^  and  that 
of  a  charged  cylinder  the  same  as  if  it  were  cut  open  and 
OLpanded  into  a  plane  surface. 

The  same  able  electrician  has  shown^  that  the  attractive 
force  between  an  electrified  and  a  neutral  uninsulated 
body  is  the  same^  whatever  be  the  forms  of  their  unopposed 
parts.  Thus  two  hemispheres  attract  each  other  with 
precisely  the  same  force  as  if  they  were  spheres;  and' as 
the  force  is  as  the  number  of  attracting  points  in  oper- 
ation  directly,  and  as  the  squares  of  the  respective  distances 
inversely^  it  follows  that  the  attraction  between  a  mere  ring 
and  a  circular  area  is  no  greater  than  that  between  two 
similar  rings^  and  the  force  between  a  sphere  and  an  op- 
posed spherical  segment  of  the  same  curvat.ure^  is  no  greater 
than  that  of  two  similar  segments^  each  equal  \»  Nk^  ^^«:cv 
segment. 
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^^  Ek'Ctricity   of  either  kiod   may   be   ■cmmukted   to  t 

^m  great  extent  in  insulated  bodies;  and  so  long  a»  it  is 
^M  qaiesEent,  it  occagions  no  sensible  change  in  tiieit  proper- 
^P  liee,  Cbough  it  is  spread  over  tlieir  Burfacee  in  indetinird} 
H  tbin  layers.  When  restrained  hy  the  aon-coniluininf; 
power  of  the  atmosphere,  the  tension  or  pressure  exerted 
by  the  electric  fluid  againEt  the  air  which  oppOMs  in 
escape,  is  in  the  ratio  compounded  of  the  repulsive  fotw 
of  its  own  psrlieles  at  the  surface  of  the  stratam  of  the 
fluidj  and  of  the  tluckness  of  ihat  strstuni.  But  u  m 
of  these  elements  is  always  proportiond  to  the  olher,  llw 
total  pressure  on  every  point  must  be  proportioDal  to  lb 
squares  of  the  thickness.  If  this  pressure  be  less  ihu  iht 
coercive  force  of  the  air,  the  electricity  is  retained;  Iwl 
the  instant  it  exceeds  that  force  in  any  one  point,  the  (1m- 
tricity  escapeB,  which  it  will  do  when  the  air  ic  tttennMeJ, 
or  becomes  saturated  with  moisture.  It  appears  thai  & 
resistance  of  the  air  to  the  passage  of  the  elecmc  fluid  i* 
proportional  to  the  square  of  iia  density,  but  that  the  sction 
of  electricity  on  distant  bodies  by  induction  is  quite  indt- 
pendent  of  almospbeiic  pressure,  and  is  the  same  is  vmo 

The  power  of  retaining  electricity  depends  also  (fci 
the  shape  of  the  body.  It  is  most  easily  retained  by  • 
sphere,  next  to  that  by  a  spheroid,  hut  it  readily  utyi 
from  a  point;  and  a  pointed  oljject  receives  it  with  Mil 
facility.  It  appears  from  analysis,  that  electridtjr,  whci 
in  equilibrio,  spreads  itself  in  a  tliin  stratum  om  iht 
■nrface  of  a  sphere,  in  consequence  of  the  reptiMoD  of  in 
particles,  which  force  is  directed  from  the  centre  to  ih 
surface.  In  an  oblong  spheroid,  the  intensity  or  thidM* 
af  the  stratum  of  electricity  at  the  extremities  of  (be  tn 
ucet  ii  exactly  in  the  proportion  of  the  axes  tbenudH*; 
k(M4  when  the  ellipaoid  is  much  elongated,  tbe  riedriiilf 
beotnui  very  feeUe  aX  the  «(^m>i,  «n&  yiitcA^  a (b 
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poles. '  A  still  greater  diflference  in  the  intensities  takes 
plaoe  in  bodies  of  a  cylindrical  or  prismatic  form^  and  the 
nore  so  in  proportion  as  their  length  exceeds  their  breadth ; 
tiberefore  the  electrical  intensity  is  very  powerful  at  a 
pcint^  where  nearly  the  whole  electricity  in  the  body  is 
eoDoentrated,  Notwithstanding  these  analytical  results^  it 
ii  doubted  whether  the  disposition  of  electrified  bodies  to 
discharge  their  electricity  from  points  or  edges  may  not 
arise  from  the  superior  attractive  force  generated  by  in- 
diletion  in  external  bodies^  rather  than  from  an  original 
eoooentration  of  the  electric  fluid  in  these  parts. 
.  A  perfect  conductor  is  not  mechanically  affected  by  the 
passage  of  electricity^  if  it  be  of  sufficient  size  to  carry 
off  the  whole ;  but  it  is  shivered  to  pieces  in  an  instant  if 
it  be  too  small  to  carry  off  the  charge :  this  also  happens 
to  a  bad  conductor.  In  that  case  the  physical  change  is 
gmerally  a  separation  of  the  particles^  though  it  may  oc- 
cssionally  be  attributed  to  chemical  action^  or  expansion 
fkom  the  heat  evolved  during  the  passage  of  the  fluid ; 
but  all  these  effects  are  in  proportion  to  the  obstacles 
opposed  to  the  freedom  of  its  course.  The  heat  produced 
by  the  electric  shock  is  intense^  fusing  metals  and  even 
volatilizing  substances,  though  it  is  only  accompanied 
by  light  when  the  fluid  is  obstructed  in  its  passage. 

Electrical  lights  when  analyzed  by  the  prism^  presents 
Tery  different  appearances  to  the  solar  light.  Frauenhofer 
Idund  that  instead  of  the  fixed  dark  lines  of  the  solar 
spectrum^  the  spectrum  of  an  electric  spark  was  crossed  by 
very  numerous  bright  lines  ;  and  Professor  Wheatstone  has 
observed  that  the  number  and  position  of  the  lines  differ 
with  the  metal  from  which  the  spark  is  taken.  According 
to  M.  Biot^  electrical  light  arises  from  the  condensation  of 
the  air  during  the  rapid  motion  of  the  electricity^  and 
varies  both  in  intensity  and  colour  wiOa.  \)Qfe  ^e«»\.>j  ^ 
Xbe  atmosphere.     When  the  air  is  dexv^e,  \\.  \%  ^V\\fc  «^^ 
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brillinnt ;  whereas  in  rarefied  air,  it  is  difiWe  and  of  i 
reddish  colour.  The  experiments  of  Sir  Humphry  Davj, 
however,  seem  M  be  at  variaDce  with  this  opinititi.  He 
passed  the  electric  spark  through  a  vacuom  over  roercurj, 
whichj  from  green,  became  aQccessivelj  sea-green,  hinf, 
and  purple,  on  admitting  different  quantities  of  air.  When 
the  vacuum  was  made  over  a  fusible  alloy  of  tin  >nd 
bismuth,  the  spark  was  yellowish  and  extremely  ptlf< 
Sir  Humphry  thence  concluded,  that  electrical  light  prin- 
cipally depends  upon  some  properties  belonging  to  ibt 
ponderable  matter  through  which  it  passes,  and  thit  spue 
is  capable  of  exhibiting  luminous  appearances,  though  H 
does  not  contain  an  appreciable  ijuantity  of  (hie  tatlia. 
He  thought  it  not  improbable  that  the  superficial  parliclti 
of  bodies  which  form  vapour,  when  detached  by  the  i»- 
pnlNve  power  of  heat,  might  be  equally  separated  hjrlhe 
electric  forces,  and  produce  luminous  appearances  in  nnu, 
hy  the  destruction  of  their  opposite  electrio  slates.  Pro- 
fessor WheatEtone  has  been  led  to  conclude  that  ekclricil 
light  results  from  the  volatilization  and  ignition  of  Ac 
ponderable  matter  of  the  conductor  itself. 

Pressure  is  a  source  of  electricity  which  M.  BecqueidlM 
found  to  be  common  to  all  bodies;  but  it  is  necnnryti 
insulate  them  to  prevent  its  escape.  When  two  subatanW 
of  any  kind  whatever  are  insulated  and  pressed  together,  Atf 
assume  different  electric  states,  but  they  only  show  OB- 
trary  electricities  when  one  of  them  is  a  good  coDductff. 
When  both  are  good  conductors,  they  must  be  teptrUti 
with  extreme  rapidity,  to  prevent  the  two  fluids  frainii- 
uniting.  When  the  separation  is  very  audden,  the  teoooi 
of  the  two  electricities  may  be  great  enough  to  prodoa 
light.  M.  Becquerel  attributes  the  tight  produced  by  At 
collision  of  icebergs  to  this  cause.  Iceland  spar  it  ttoif 
electric  by  the  Braallest  pressure  between  the  finger  ui 
thumb,  and  retains  it  for  »  long  time.     All  these  dito*- 
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Stances  are  modified  by  the  temperature  of  the  substances^ 
the  state  of  their  surfaces^  and  that  of  the  atmosphere. 
Seyeral  crystalline  substances  become  electric  when  heated^ 
ei^cially  tourmaline^  one  end  of  which  acquires  positive 
and  the  other  negative  electricity^  while  the  intermediate 
part  is  neutral.  If  a  tourmaline  be  broken  through  the 
middle^  each  fragment  is  foimd  to  possess  positive  electri- 
city at  one  end^  and  negative  at  the  other,  like  the  entire 
crystal.  Electricity  is  evolved  by  bodies  passing  from  a 
liquid  to  a  solid  state;  also  by  chemical  action  during 
the  production  and  condensation  of  vapour^  which  is  con. 
sequently  a  great  source  of  atmospheric  electricity.  In 
short  it  may  be  stated  generally^  that  when  any  cause 
whatever^  such  as  friction^  pressure^  heat^  fracture^  che- 
mical action^  &c.  tends  to  destroy  molecular  attraction, 
there  is  a  developement  of  electricity.  If^  however^  the 
molecules  be  not  immediately  separated^  there  will  be  an 
instantaneous  reunion  of  the  two  fluids. 
•  The  atmosphere^  when  clear,  is  almost  always  positively 
electric.  Its  electricity  is  stronger  in  winter  than  in 
summer,  during  the  day  than  in  the  night.  The  intensity 
increases  for  two  or  three  hours  from  the  time  of  sunrise^ 
comes  to  a  maximum  between  seven  and  eight,  then  de- 
creases towards  the  middle  of  the  day,  arrives  at  its 
minimum  between  one  and  two,  and  again  augments  as 
the  sun  declines  till  about  the  time  of  sunset,  after  which' 
it  diminishes,  and  continues  feeble  during  the  night. 
Atmospheric  electricity  arises  partly  from  an  evolution  of 
the  electric  fluid  during  the  evaporation  that  is  so  abundant 
at  the  surface  of  the  earth,  though  not  under  all  circum- 
atances.  M.  Pouillet  has  recently  come  to  the  conclusion^ 
that  simple  evaporation  never  produces  electricity,  unless 
accompanied  by  chemical  action,  but  that  electricity  is 
always  disengaged  when  the  water  holds  a  salt  or  some 
other  substance  in  solution.     He  found  when  water  con- 
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tains  lime,  chalk,  or  any  solid  alkali,  that  the  vapour 
aiising  from  it  ia  ncgativvly  electric  ;  and  when  the  bod; 
held  in  solution  is  either  gas,  acid,  or  some  of  the  ultfl, 
that  the  vapour  given  out  h  positively  electric.  The 
ocean  must  therefore  affbrd  a  great  supply  of  positiH 
electricity  to  the  atmosphere  ;  but  as  M.  Becquerel  hu 
siiowii  tbut  electricity  of  one  kind  or  other  is  di^veloped, 
whenever  the  nioleculee  of  bodies  are  deranged  from  their 
natural  positions  of  equilibrium  by  any  cause  n-lute'er, 
the  chemical  changes  on  the  surface  of  tlie  globe  mull 
occasion  many  variations  in  the  electrical  slate  of  tlw 
atmosphere.  M.  Pouillet  afiirmE,  that  plants  afford  abun- 
dance of  positive  electricity  during  their  growth,  and  ditl 
more  positive  electricity  is  disengaged,  in  the  coune  of 
tine  day,  from  a  surface  of  a  hundred  square  yanlt  in  fall 
T^tatioD,  than  would  charge  a  powerful  battery  ;  bnttt 
ie  difficult  to  reconcile  this  with  the  fact  of  the  atmogplieni 
being  more  charged  with  tiectrieiiy  liuriiig  ihc  winter  ibn 
in  summer.  M.  De  la  Rive  has  come  to  re»idta  in  hito- 
periments  so  discordant  with  those  of  M.  FouiUet,  tbuki 
finds  it  impossible  to  regard  vegetation  as  the  source  of  At 
positive  electricity  of  the  air,  and  agrees  with  M.  Becqiwel 
in  attributing  it  to  the  more  general  cause  of  the  uoeqail 
distribution  of  heat  in  the  atmosphere. 

Clouds  probably  owe  theirexiGtence,or  at  least  their  fum, 
to  electricity,  for  according  to  some  authors  they  coiuuttf 
hollow  vesicles  of  vapour  coated  with  it.  As  the  dectriolj 
is  either  entirely  positive  or  negative,  the  vesicles  repel  (M 
other,  which  prevents  them  from  uniting  and  fallii^dowl 
in  rain.  The  friction  of  the  surfaces  of  two  strata  of  U 
moving  in  different  directions,  probably  developeselectridtj; 
and  if  ihe  strata  be  of  different  temperatures,  a  portion  of  4* 
vapour  ihey  always  contain  will  be  deposited  ;  the  elertrtcitj 
evolved  will  be  taken  up  by  the  vapour,  and  canie  il  <> 
assume  the  vesicular  state  constituting  a  cloud.     Avntdti' 
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of  electricity  may  be  itocumulated  in  this  manner^  which 
may  be  either  positive  or  negative.  When  two  doudsj 
charged  with  opposite  kinds^  approach  within  a  certain 
disUnce^  the  thickness  of  the  coating  of  electricity  in- 
creases on  the  two  sides  of  the  clouds  that  are  nearest  to 
one  another;  and  when  the  accumulation  becomes  so 
great  as  to  overcome  the  coercive  pressure  of  the  atmo- 
i^here^  a  discharge  takes  place^  which  occasions  a  flash  of 
lightning.  The  actual  quantity  of  electricity  in  any  one 
part  of  a  cloud  is  extremely  small.  The  intensity  of  the 
flash  arises  from  the  very  great  extent  of  surface  occupied 
by  the  electricity  ;  so  that  clouds  may  be  compared  to 
enormous  Leyden  jars  thinly  coated  with  the  electric  fluid, 
which  only  acquires  its  intensity  by  its  instantaneous  con- 
densation. The  rapid  and  irregular  motions  of  thunder 
doads  are  in  all  probability,  more  owing  to  strong  elec 
trical  attractions  and  repulsions  among  themselves  than  to 
currents  of  air,  though  both  are  no  doubt  concerned  in 
these  hostile  movements. 

An  interchange  frequently  takes  place  between  the  clouds 
and  the  earth ;  but  so  rapid  is  the  motion  of  lightning, 
that  it  is  difficult  to  ascertain  when  it  goes  from  the  douds 
to  the  earth,  or  shoots  upwards  from  the  earth  to  the 
douds,  though  there  can  be  no  doubt  that  it  does  both. 
In  a  storm  which  occurred  at  Manchester,  in  the  month  of 
June,  1835,  the  electric  fluid  was  observed  to  issue  from 
various  points  of  a  road,  attended  by  explosions  as  if 
pistols  had  been  flred  out  of  the  ground.  A  man  appears 
to  have  been  killed  by  one  of  these  explosions  taking  place 
under  his  right  foot.  M.  Gay-Lussac  has  ascertained  that 
a  flash  of  lightning  sometimes  darts  more  than  three  miles 
at  once  in  a  straight  line. 

A  person  may  be  killed  by  lightning,  although  the  ex- 
plosion takes  place  at  the  distance  of  twenty  miles,  by 
what  is  called  the  back  stroke.     Suppose  that  the  two  ex- 
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treraities  of  a  cloud  highly  charged  with  decUiGitJ  htng 
down  towards  the  earth  ;  they  will  repel  the  dectridly 
from  the  earth's  surface,  if  it  be  of  the  same  kind  nith  their 
own,  and  will  attract  the  other  kind  ;  and  if  ■  diecharge 
should  suddenly  lake  place  at  one  end  of  the  cloud,  the 
equilibrium  will  instantly  be  restored  by  a  flash  at 
point  of  the  earth  which  is  under  the  other.  Though  die 
back  stroke  is  often  sufficiently  powerful  to  destroy  life,  it 
is  nerer  so  terrible  in  its  effecis  as  the  direct  shock,  which 
is  frequently  of  inconceivable  intensity.  Insiances  bai* 
occtirred  in  which  large  masses  of  iron  and  stone,  and  i 
many  feet  of  a  stone  wall,  have  been  conveyed  to  a  i 
siderable  distance  by  a  stroke  of  lightning.  Rocks  and 
the  tops  of  mountains  often  bear  the  marks  of  fusion  from 
its  action ;  and  occasionally  vitreous  tubes,  descending  nsny 
feet  into  banks  of  sand,  ntark  the  pbth  of  the  electric  HaiiL 
Some  years  ago.  Dr.  Fiedler  exhibited  several  of  these  ful- 
gnrites  in  London,  of  considerable  length,  which  had  ieta 
dug  out  of  the  sandy  plains  of  Silesia  and  Eastern  Pruwt 
One  found  at  Paderborn  was  forty  feet  long.  Their  iwi- 
fications  generally  terminate  in  pools  or  springs  of  wilW 
below  the  sand,  which  are  supposed  to  detertnine  the  wune 
of  the  electric  fluid.  No  doubt  the  soil  and  Eubstrati  nitf 
influence  its  direction,  since  it  is  found  by  experience  Aw 
places  which  have  been  struck  by  lightning  are  often  ttzvi 
again.  A  school-house  in  Lammer-muir,  in  East  LothiM, 
has  been  struck  three  different  times. 

The  atmosphere,  at  all  times  positively  electric,  beeoDti 
intensely  so  on  the  approach  of  rain,  anow,  wind,  liail,M 
sleet ;  but  it  afterwards  varies,  and  the  transitions  are  wij 
rapid  on  the  approach  of  a  thunder-storm.  An  iidilxl 
conductor  then  gives  out  such  quantities  of  sparks  that  it 
is  dangerous  to  approach  it,  as  was  fatally  experienced  bf 
Professor  Rjchman,  at  Petersburg,  who  was  struck  dad 
by  a  globe  of  fire  fh>m  the  extremity  of  a  condnclor,  «UI> 
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making  experiments  on  atmospheric  electricity.  There  is 
no  instance  on  record  of  an  electric  cloud  being  dispelled 
by  a  conducting  rod  silently  withdrawing  the  electric  fluid  ; 
yet  it  may  mitigate  the  stroke^  or  render  it  harmless  if  it 
should  come.  Copper  conductors  are  supposed  to  afibrd 
the  best  protection  against  lightnings  especially  if  they 
expose  a  broad  surface^  since  the  electric  fluid  is  conveyed 
along  the  exterior  of  bodies.  The  object  of  a  conductor 
being  to  carry  off  the  electricity  in  case  of  a  stroke^  and  not 
to  invite  an  enemy^  it  ought  to  project  very  little  if  at  all^ 
above  the  building. 

•  When  the  air  is  highly  rarified  by  heat,  the  electric 
fluid  escapes  from  the  clouds,  and  never  can  be  accumu- 
lated beyond  a  certain  limit ;  whence  those  lambent  diffuse 
flashes  of  lightning  without  thunder  so  frequent  in  warm 
summer  evenings. 

The  velocity  of  electricity  is  so  great,  that  the  most 
rapid  motion  which  can  be  produced  by  art  appears  to  be 
actual  rest  when  compared  with  it.  A  wheel  revolving 
with  celerity  sufficient  to  render  its  spokes  invisible,  when 
illuminated  by  a  flash  of  lightning,  is  seen  for  an  instant 
with  aU  its  spokes  distinct,  as  if  it  were  in  a  state  of  ab- 
solute repose ;  because  however  rapid  the  rotation  may 
be,  the  light  has  come  and  alreiady  ceased  before  the  wheel 
has  had  time  to  turn  through  a  sensible  space.  This 
beautiful  experiment  is  due  to  Professor  Wheatstone,  as 
well  as  the  following  variation  of  it,  which  is  not  less 
striking: — Since  a  sunbeam  consists  of  a  mixture  of  blue, 
yellow,  and  red  light,  if  a  circular  piece  of  pasteboard  be 
divided  into  three  sectors,  one  of  which  is  painted  blue, 
another  yellow,  and  a  third  red,  it  will  appear  to  be 
white  when  revolving  quickly,  because  of  the  rapidity 
with  which  the  impressions  of  the  colours  succeed  each 
other  on  the  retina.  But  the  instant  it  is  illuminated  by 
an  electric  spark,  it  seems  to  stand  still,  and  each  colour 
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is  SB  distinct  as  if  it  were  at  rest.  —  This  tTauscenileiil 
speed  of  the  electric  fluid  has  been  ingeniously  meiBured 
by  ProfesEor  Wheatslone ;  and  although  hia  expniments 
ere  not  far  enough  advanced  to  enable  him  to  state  his  nb- 
Bolute  celerity,  he  liss  ascertained  that  it  much  surputes 
the  velocity  of  light. 

In  the  horizontal  diameter  of  a  small  disc  fixed  on  the 
nail  of  a  darkened  room  are  disposed  six  small  hraas  balls, 
well  insulated  from  each  other.  An  insulated  copper  wire 
half  a  mile  long  is  diGjoined  in  its  middle,  and  aUo  near  its 
two  extremities  ;  the  six  ends  thus  obtained  are  connertei 
with  the  six  balls  on  the  disc.  Wllen  an  electric  dis- 
charge is  sent  through  the  wire  by  connecting  its  two  ei- 
tremities,  one  with  the  positive,  and  the  other  with  tbt 
negative  coating  of  a  Leyden  jar,  three  sparks  are  seen  on 
the  disc,  apparently  at  the  same  instant.  At  the  disIuoB 
of  about  ten  feet,  a  small  revolving  mirror  is  placed  M  u 
to  reflect  these  Ihrcc  sparks  dunnj;  its  revolution.  From 
the  extreme  velocity  of  the  electricity,  it  is  dear,  diit 
if  the  three  sparks  be  simultaneous,  they  will  be  «• 
fleeted,  and  will  vanish  before  the  mirror  haa  aensbtj 
changed  its  position,  however  rapid  its  rotation  may  be, 
and  they  will  he  seen  in  a  straight  line.  But  if  the  tbite 
sparks  he  not  simultaneously  transmitted  to  the  disc  — if 
one,  for  example,  be  later  than  the  other  two  —  the  mimt 
will  have  time  to  revolve  through  an  indefinitely  small  ut 
in  the  interval  between  the  reflection  of  the  two  spub 
and  that  of  the  single  one.  However  the  only  indicatiaotf 
this  small  motion  of  the  mirror  will  be,  that  the  single  «p»tk 
will  not  be  reflected  in  the  same  straight  line  with  tbc 
other  two,  hut  a  little  above  or  below  it,  for  the  reflectiin 
of  all  three  will  still  be  apparently  simultaneous,  the  tine 
intervening  being  much  too  short  to  be  appreciatefl. 

Since  the  number  of  revolutions  which  the  revol»in( 
mirror  makes  in  a  second  are  known,  and   the  angolv 
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deviation  of  the  reflection  of  the  single  spark  from  the 
reflection  of  the  other  two  can  he  measured^  the  time  elapsed 
between  their  consecutiye  reflections  can  be  ascertained. 
And  AS  the  length  of  that  part  of  the  wire  through  whi«h 
the  electricity  has  passed  is  given^  its  velocity  may  be 
found; 

Since  the  number  of  poises  in  a  second  requisite  to  pro« 
duce  a  musical  note  of  any  pitch  is  known^  the  number  of 
revolutions  accomplished  by  the  mirror  in  a  given  time  may 
be  determined  from  the  musical  note  produced  by  a  iooth  or 
peg  in  its  axis  of  rotation  striking  against  a  card^  or  from 
the  notes  of  a  siren  attached  to  the  axis.  It  was  thus  that 
Professor  Wheatstone  found  the  mirror  which  he  em« 
ployed  in  his  experiments  to  make  800  revolutions  in  a 
second ;  and  as  the  angular  velocity  of  the  reflected  image 
in  a  revolving  mirror  is  double  that  of  the  mirror  itself^  an 
angular  deviation  of  one  degree  in  the  appearance  of  the 
two  sparks  would  indicate  an  interval  of  the  576,000th 
of  a  second  ;  the  deviation  of  half  a  degree  would,  there* 
foire,  indicate  more  than  the  millionth  of  a  second.  The 
use  of  sound  as  a  measure  of  velocity  is  a  happy  illustra- 
tion of  the  connexion  of  the  physical  sciences. 

When  the  atmosphere  is  highly  charged  with  electricity^ 
it  not  unfrequently  happens  that  electric  light  in  the  form  of 
a  star  is  seen  on  the  topmasts  and  yard-arms  of  ships. 
In  1831,  the  French  officers  at  Algiers  were  surprised  to 
see  brushes  of  light  on  the  heads  of  their  comrades,  and  at 
the  points  of  their  fingers,  when  they  held  up  their  hands. 
This  phenomenon  was  well  known  to  the  ancients,  who 
reckoned  it  a  lucky  omen. 

Many  substances  in  decaying  emit  light,  which  is  attri- 
buted to  electricity,  such  as  fish  and  rotten  wood.  Oyster 
shells,  and  a  variety  of  minerals,  become  phosphorescent  at 
eertain  temperatures,  or  when  exposed  to  electric  shocks. 
The  minerals  possesdng  this  property  are  generally  coloured 


at  imperfectly  tratigparent ;  and  thaugh  thp  coloui  of  lliu 
i^t  varies  in  different  EubslanceB,  it  bas  no  fixed  relation 
to  tile  colour  of  the  mineral.  An  intense  heat  entiidj 
destroys  this  property,  and  the  pbuaph orescent  light  deire- 
loped  hy  heat  has  no  connexion  with  light  produced  by 
friction,  for  Sir  David  Brewster  observed  thai  bodjts  de- 
prived of  the  faculty  of  emitting  the  one  are  atili  cipable 
of  giving  ont  the  other.  Among  the  bodies  which  gene- 
rally beeome  phosphorescent  when  exposed  to  heat,  there 
are  some  specimens  which  do  not  possess  this  proper^, 
wherefore  phosphorescence  cannot  he  regarded  as  an  essen- 
tial character  of  the  minerals  possessing  it.  Multitude  of 
fish  are  endowed  with  the  power  of  emitting  light  at  pln- 
aure,  no  doubt  to  enable  them  to  pursue  tlieir  prev  il 
depths  where  the  sunbeams  cannot  penetrate.  Flaehes  of 
light  are  frequently  seen  to  dart  along  a  shoal  of  heiriiy 
or  pilchards  ;  and  the  ^fedusa  tribes  are  notetl  for  ifaat 
phoGjihorescent  brilliancy,  many  of  which  are  exlremclj 
small,  and  so  numerous  as  to  make  the  wake  of  a  tcwI 
look  like  a  stream  of  silver.  Nevertheless,  the  lumiDaM 
appearance  which  is  frequently  observed  in  the  aca  duriag 
the  summer  months  cannot  always  be  attributed  to  mtriM 
animalcule,  as  (he  following  narrative  will  show  :  — 

Captain  Bonnycastle,  coming  up  the  Gulf  of  SlL*'' 
rence  on  the  7th  of  September,  1826,  was  roused  by  lb* 
mate  of  the  vessel  in  great  alarm  from  an  unusual  K^tM- 
ance.  It  was  a  starlight  night,  when  suddenly  the  ij 
became  overcast  in  ihe  direction  of  the  high  land  of  Coi*' 
wallis  country,  and  an  instantaneous  and  intensely  li'id 
light,  resembling  the  aurora,  shot  out  of  the  hitboU 
gloomy  and  dark  sea  on  the  lee  bow,  which  was  to  brilliul 
that  it  lighted  every  thing  distinctly  even  to  the  maK- 
head.  The  light  spread  over  the  whole  sea  between  llie 
two  shores,  and  the  waves,  which  before  had  been  irai- 
quil,  novr  began   to  be  agitated.      Captain  ] 
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describes  the  scene  as  that  of  a  blazing  sheet  of  awful 
and  most  brilliant  light.  A  long  and  Tivid  line  of  lights 
superior  in  brightness  to  the  parts  of  the  sea  not  immo" 
diately  near  the  vessel^  showed  the  base  of  the  high,  frown- 
ing^ and  dark  land  abreast ;  the  sky  became  lowering  and 
BKMre  intensely  obscure.  Long  tortuous  lines  of  light 
showed  immense  numbers  of  very  large  fish  darting  about 
as  if  in  consternation.  The  spritsail-yard  and  mizen- 
boom  were  lighted  by  the  reflection^  as  if  gas  lights  had 
been  burning  directly  below  them ;  and  until  just  before 
daybreak^  at  four  o'clock^  the  most  minute  objects  were  dis- 
tinctly visible.  Day  broke  very  slowly^  and  the  sun  rose 
of  a  fiery  and  threatening  aspect.  Rain  followed.  Captain 
Bonnycastle  caused  a  bucket  of  this  fiery  water  to  be  drawn 
up  ;  it  was  one  mass  of  light  when  stirred  by  the  hand^ 
and  not  in  sparks  as  usual^  but  in  actual  coruscations.  A 
portion  of  the  water  preserved  its  luminosity  for  seven 
nights.  On  the  third  nighty  the  scintillations  of  the  sea 
reappeared ;  this  evening  the  sun  went  down  very  sin- 
gularly^ exhibiting  in  its  descent  a  double  sun ;  and  when 
only  a  few  degrees  high,  its  spherical  figure  changed  into 
that  of  a  long  cylinder,  which  reached  the  horizon.  In 
the  night  the  sea  became  nearly  as  luminous  as  before,  but 
on  the  fifth  night  the  appearance  entirely  ceased.  Captain 
Bonnycastle  does  not  think  it  proceeded  from  animalcule, 
but  imagines  it  might  be  some  compound  of  phosphorus, 
suddenly  evolved  and  disposed  over  the  surface  of  the 
sea;  perhaps  from  the  exuviae  or  secretions  of  fish  con. 
nected  with  the  oceanic  salts,  —  muriate  of  soda,  and  sul- 
phate of  magnesia. 

The  aurora  borealis  is  decidedly  an  electrical  pheno- 
menon^ which  takes  place  in  the  highest  regions  of  the 
atmosphere,  since  it  is  visible  at  the  same  time  from 
places  very  far  distant  from  each  other.  It  is  somehow 
connected  with  the  magnetic  poles  of  the  earthy  and  occa- 


uonB   vibrations  in  Ihe  magnetic  needle.      M.  Ar^o  hit  I 
frequently  remarked  that  the  neeiUe  was  powerfiiUy  agi-   ] 
tateil  at  ParU,  by  an  aurora  thai  was  below  the  horizon,  and    I 
consequently   invisible^   but   whose   existence   was  koown 
from  the  observations  of  the  polar  navigators.      The  ai 
has  never  been  seen  so  far  north  ae  the  pole  of  the  earth't 
rotation,  nor  does  it  extend  to  tow  latituilea.      It  generally 
appears  in  the  form  of  a  luminous  arch,  stretching  ti 
or  less  from  east  to  west,  but  never  from  north  la  south, 
the  most  elevated  point  being  always  in  the  magnetic 
tidian  of  the  place  of  the  observer;  and  across  the  archllM 
coruscations  are  rapid,  vivid,  and  of  various  colours,  bat 
whether  there  be  any  sound  is  still  a  disputed  point,    A 
similar  phenomenon    occurs  in  the  high  latitudes  of  the 
sDUtliern  hemisphete.     Dr.  Faraday  conjectures  that  ^ 
electric  equilibrium  of  the  earth  is  restored  by  the  km 
conveying  the  electricity  from  the  poles  to  the  equator. 
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SECTION  XXVIII. 

▼OLTAIC    XLECTKICITY. THE    YOLTAIC    BATTXRT. INTENSITT.  — *• 

QCANTITT. COMPARISON     OF     THE     XLECTRICITr     OF     TENSIOK 

WITH    ELECTRICITY    IN   MOTION. LUMINOUS    EFFECTS. DECOM- 
POSITION   OF    WATER.  FORMATION     OF     CRYSTALS     BY    YOLTAIC 

XLECTRICITY. ELECTRICAL   FISH. 

Voltaic  electricity  is  of  that  peculiar  kind  which  is  eli- 
cited by  the  force  of  chemical  action.  It  is  connected 
.with  one  of  the  most  brilliant  periods  of  British  science^ 
from  the  splendid  discoveries  to  which  it  led  Sir  Humphry 
Davy  ;  and  it  has  acquired  additional  interest  since  the  dis*- 
covery  of  the  reciprocal  action  of  Voltaic  and  magnetic 
currents,  which  has  proved  that  magnetism  is  only  an  effect 
of  electricity,  and  that  it  h&s  no  existence  as  a  distinct  or 
separate  principle.  Consequently  Voltaic  electricity,  as 
immediately  connected  with  the  theory  of  the  earth  and 
planets,  forms  a  part  of  the  physical  account  of  their 
nature. 

In  1790,  while  Galvani,  Professor  of  Anatomy  in  Bo- 
logna, was  making  experiments  on  electricity,  he  was 
surprised  to  see  convulsive  motions  in  the  limbs  of  a  dead 
frog  accidentally  lying  near  the  machine  during  an  elec- 
trical discharge.  Though  a  similar  action  had  been  no- 
ticed long  before  his  time,  he  was  so  much  struck  with 
this  singular  phenomenon,  that  he  examined  all  the  cir- 
cumstances carefully,  and  at  length  found  that  convulsions 
take  place  when  the  nerve  and  muscle  of  a  frog  are 
connected  by  a  metallic  conductor.  This  excited  the 
attention  of  all  Europe  ;  and  it  was  not  long  before  Pro- 
fessor Volta  of  Pavia,  showed  that  the  mere  contact  of 
different  bodies  is  sufficient  to  disturb  electrical  equili- 


briuin,  and  tliat  a  current  of  clcctridty  flows  in  one  H- 
rection  through  a  circuit  of  three  conducting  subttanm. 
From  this  he  was  led,  by  scute  reasoning  and  experiment, 
to  the  construction  of  the  Voltaic  pile,  which  in  its  earlj 
form,  consisted  of  alternate  discs  of  zinc  and  copper, 
separated  by  pieces  of  wet  cloth,  the  extremiliei  heing 
connected  by  wires.  This  simple  apparatus,  perhaps  lh« 
most  wonderful  instrument  that  has  been  invenled  b;r  the 
ingenuity  of  man,  by  divesting  electricity  of  its  sutlda 
and  uncontrollable  violence,  and  giving  in  a  contioutj 
stream  a  greater  quantity  at  a  diminished  intensity,  bM 
exhibiled  that  fluid  under  a  new  and  manageable  forn 
possessing  powers  the  most  astonishing  and  uneipecte^ 
As  the  Voltaic  battery  hns  become  one  of  the  moil  im- 
portant engines  of  physical  research,  Bome  account  of  (■ 
present  condition  may  not  be  ont  of  place. 

The  disturbance  of  electric  equilibrium,  and  a  ienlnf 
ment  of  electricity,  invariably  accompanies  the  chemiol 
action  of  a  fluid  on  metallic  substances,  and  is  mottfk^ 
tiful  when  thai  action  occasions  oxidation.  Metali  lai;  ii 
the  quantity  of  electricity  afforded  by  their  combinUiM 
with  oxygen.  But  the  greatest  abundance  is  derriu^ 
by  the  oxidation  of  zinc  by  weak  sulphuric  acid.  AaOt 
conformity  with  the  law  that  one  kind  of  electricity  canoDl 
be  evolved  without  an  equal  quantity  of  the  other  briit 
brought  into  activity,  it  is  found  that  the  acid  ia  poaitiidy, 
and  the  zinc  negatively  electric.  It  haa  not  yd  tot* 
ascert^ned  why  equilibrium  is  not  restored  by  the  cooM 
of  these  two  substances,  which  are  both  conductors,  *■' 
in  opposite  electrical  states.  However,  the  dectrical  a' 
chemical  changes  are  so  connected,  that  unless  e^oitibniB 
be  restored,  the  action  of  the  acid  will  go  on  languidly,  w 
stop  as  soon  as  a  certain  quantity  of  electricity  is  •coh*' 
Isted  in  it.  Equilibrium  nevertheless  wil]  be  ttVtni, 
and  the  action  of  the  acid  will  be  continnoua,  if  a  |Ue  ^ 
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copper  be  placed  in  contact  with  the  zinc>  both  being 
immersed  in  the  fluid;  for  the  copper^  not  being  acted 
upon  by  the  acid,  will  serve  as  a  conductor  to  convey  the 
positive  electricity  from  the  aeid  to  the  zinc,  and  will  at 
every  instant  restore  the  equilibrium,  and  then  the  oxida^ 
Hon  of  the  zinc  will  go  on  rapidly.  Thus,  three  sub*> 
fiances  are  concerned  in  forming  a  voltaic  circuit,  but  it  is 
indispensable  that  one  of  them  diould  be  a  fluid.  The 
dectricity  so  obtained  will  be  very  feeble  in  overcoming 
resistances  oflered  by  imperfect  conductors  interposed  in 
the  circuit,  or  by  very  long  wires,  but  it  may  be  aug- 
mented by  increasing  the  number  of  plates.  In  ihe 
eommoB  Voltaic  battery,  the  electricity  which  the  fluid  has 
acquired  from  the  first  plate  of  zinc  exposed  to  its  action^ 
» taken  up  by  the  copper  plate  belonging  to  the  second 
pair  and  transferred  to  the  second  zinc  plate,  with  which 
it  is  connected.  The  second  plate  of  zinc  possessing  equal 
powers,  and  acting  in  conformity  with  the  first,  having  thus 
acquired  a  larger  portion  of  electricity  than  ijts  natural 
iilaie,  communicates  a  larger  quantity  to  the  fluid  in  the 
second  cell.  This  increased  quantity  is  again  transferred 
to  the  next  pair  of  plates;  and  thus  every  succeeding 
alternation  is  productive  of  a  further  increase  in  the  quan^ 
tity  of  the  electricity  developed.  This  action^  however, 
would  stop  unless  a  vent  were  given  to  the  apcumulated 
electricity,  by  establishing  a  communication  between  the 
podtive  and  negative  poles  of  the  battery,  by  means  of 
wires  attached  to  the  extreme  plate  at  each  end.  When 
die  wires  are  brought  into  contact,  the  Voltaic  circuit  is 
completed,  the  electricities  meet  and  neutralize  each  other, 
producing  the  shock  and  other  electrical  phenomena ;  and 
dien  the  electric  current  continues  to  flow  uninterruptedly 
in  the  circuit,  as  long  as  the  chemical  action  lasts.  The 
stream  of  positive  electricity  flows  from  the  zinc  to  the 
copper*     The  construction  and  power  of  the  Voltaic  bat* 
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tery  baa  been  much  improved  of  late  years,  but  llie  molt 
valuable  recent  improTement  is  the  constant  btllery  of 
Professor  Daiiiell.  In  all  batteries  of  the  ordiniiy  ron. 
atruction,  the  power,  however  energetic  at  firat,  rapidly 
iliminishes,  and  uhinisCel)'-  becomes  very  feeble.  Ptofetaor 
Daniell  found  that  this  diminution  of  power  is  occuionwl 
by  the  adhesion  of  the  evolved  hydrogen  to  the  snifare  rf 
the  copper,  and  to  the  precipitation  of  the  sulphate  fnrmed 
by  the  action  of  the  acid  on  the  zinc.  He  prevents  th* 
latter  by  interposing  between  the  copper  and  the  line,  in 
the  cell  containing  the  liquid,  a  membrane  which,  nilbont  ] 
impeding  the  electric  current,  prevents  the  transfer  of  iht-  I 
lidt ;  and  the  former,  by  placing  between  the  copper  and 
the  membrane  crystals  of  eulphate  of  copper,  which  beini 
reduced  by  the  hydrogen  prevents  the  adhesion  of  tliii  ga  I 
to  die  mer^Uic  surface.  Each  element  of  the  batter;  M 
sists  of  a  hollow  cylinder  of  copper,  in  the  axis  of  whi 
is  placed  a  cyliiulrical  rod  of  sine  ;  botivecn  ihe  y.irif  luJ 
the  copper  a  membranous  bag  is  placed,  which  diridc* 
the  ceU  into  two  portions,  each  of  which  is  filled  viA 
dilute  acid,  and  the  one  nearer  the  copper  is  supplied  wiA 
crystals  of  tlie  sulphate  of  that  roetal.  The  battery  mi- 
sists  of  several  of  these  elementary  cells  connected  togedxr 
by  metallic  wires,  the  zinc  rod  of  one  with  the  copp) 
cylinder  of  that  next  to  it.  The  zinc  rods  are  amalgimaKJ 
so  that  local  action,  which  in  ordinary  casca  is  so  deitrocliw 
of  the  zinc,  does  not  take  place,  and  no  chemical  actioai* 
manifested  unless  ihe  circuit  be  completed.  The  rodtait 
easily  detached,  and  others  substituted  for  them  when  won 
out.  This  battery,  which  possesses  considerable  power,  and 
is  constant  in  its  effects  for  a  very  long  period  of  time,  ii 
greatly  superior  to  all  former  arrangements,  either  at  tf 
instrument  of  research,  or  for  exhibiting  the  ordiuiT 
phenomena  of  Voltaic  electricity, 

A  battery  chafed  with  water  alone,  inalead  of  acid,  m 
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▼ery  constant  in  its  action^  but  the  quantity  of  electricity 
it  developes  is  comparatively  very  small.  Mr.  Cross^  of 
Broomfield  in  Somersetshire^  has  kept  a  battery  of  this 
kind  in  full  force  during  twelve  months.  M.  Becquerel 
had  invented  an  instrument  for  comparing  the  intensities 
of  the  different  kinds  of  electricity  by  means  of  weights  ; 
but  as  it  is  impossible  to  make  the  comparison  with  Voltaic 
electricity  produced  by  the  ordinary  batteries^  on  account 
of  the  perpetual  variation  to  which  the  intensity  of  the 
current  is  liable,  he  has  constructed  a  battery  which  affords 
a  continued  stream  of  electricity  of  uniform  power,  but  it 
is  also  of  very  feeble  force.  The  current  is  produced  by 
the  chemical  combination  of  an  acid  with  an  alkali* 

Metallic  contact  is  not  necessary  for  the  production  of 
Voltaic  electricity,  which  is  entirely  due  to  chemical  action. 
The  intensity  of  the  Voltaic  electricity  is  in  proportion  to 
the  intensity  of  the  affinities  concerned  in  its  production, 
and  the  quantity  produced  is  in  proportion  to  the  quantity 
of  matter  which  has  been  chemically  active  during  its 
evolution.  Dr.  Faraday  considers  this  definite  production 
to  be  one  of  the  strongest  proofs  that  the  electricity  is  of 
diemical  origin. 

Galvanic  or  Voltaic,  like  common  electricity,  may  either 
be  considered  to  consist  of  two  fluids  passing  in  opposite 
directions  through  the  circuit,  or,  if  the  hypothesis  of  one 
fluid  be  adopted,  the  zinc  end  of  the  battery  may  be  sup- 
posed to  have  an  excess  of  electricity,  and  the  copper  end 
a  deficiency.  Hence  in  the  latter  case,  the  zinc  is  the 
positive  end  of  the  battery  and  the  copper  the  negative. 

Voltaic  electricity  is  distinguished  by  two  marked 
characters.  Its  intensity  increases  with  the  number  of 
plates  —  its  quantity  with  the  extent  of  their  surfaces. 
The  most  intense  concentration  of  force  is  displayed  by 
a  numerous  series  of  large  plates,  light  and  heat  are 
copiously  evolved,  and  chemical  decomposition  is  accom- 
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plijhed  with  extraordinary  energy  ;  whereas  the  dtctridl]r 
from  one  pair  of  plates,  whatever  their  size  nny  be,  h 
feeble  that  it  gives  no  sign  either  of  attraction  or  reptiL 
Kion  ;  and,  even  witli  s  buttery  consisting  of  a  veiy  ^it 
number  of  pktci,  it  is  difficult  to  render  the  nsa 
attraction  of  its  two  nires  sensible,  though  of  oppouW 
electricities. 

The  action  of  Voltaic  eUctridly  differs  maleritllj  fron 
that  of  the  ordinury  kind.  When  a  quantity  of  comi 
electricity  is  accumulated,  the  restoration  of  eqoilibriun 
is  attended  by  an  inatantaneona  violent  eKplosion,  sccom. 
punied  by  the  development  of  light,  heaf,  and  soaiid, 
The  concentrated  power  of  the  fluid  forces  its 
through  every  obstacle,  disrupting  and  liestrojiBg  the 
cobesion  of  the  particles  -of  the  bodies  through  whic 
passes,  and  occasionally  increasii^  its  ileatructive  eSectsb} 
the  conversion  of  fluids  into  steam  from  the  intenctt]-  sf 
the  momentary  heat,  as  when  trees  are  torn  to  pieo^  bv 
a  stroke  of  lightning.  Even  the  vivid  light  which  lUita 
the  path  of  the  electric  fluid  is  probably  owing  in  part  » 
the  sudden  compression  of  the  air  and  other  paitidii  •( 
matter  during  the  rapidity  of  its  passage,  or  to  the  nnlMt 
and  abrupt  reunion  of  the  two  fluids.  Bat  the  imtai 
equilibrium  is  restored  by  this  energetic  action  the  whok  » 
at  an  end.  On  the  contrary,  when  an  aecunmlatioii  nba 
place  in  a  Voltaic  battery,  equilibrium  is  reatond  A* 
moment  the  circuit  is  completed.  But  so  far  ii  the  rie«Bi« 
stream  from  being  exhauited,  that  it  continne*  to  Sc 
silently  and  invisibly  in  an  uninterrupted  cturent  rappM 
by  a  perpetual  reproduction.  And  although  its  aetiw  «o 
bodies  is  neither  so  sudden  nor  so  intense  u  that  of 
common  electricity,  yet  it  acquires  such  power  tiom  cw- 
Etant  accumulation  and  continued  action,  that  it  nltiuialdf 
surpasses  the  energy  of  the  other.  The  two  kind*  «f 
electridty  diSbr  in  no   drcnmatanoe  moro  Ibw  !■  Ai 
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development  of  heat.  lostead  of  a  momentary  evolution^ 
which  seems  to  arise  from  a  forcible  compression  of  the 
particles  of  matter  during  the  passage  of  the  common 
electric  fluids  the  circulation  of  the  Voltaic  electricity  is 
accompanied  by  a  continued  development  of  heat^  lasting 
as  long  as  the  circuit  is  complete^  without  producing  either 
light  or  sound ;  and  this  appears  to  be  its  immediate  direct 
effect,  independent  of  mechanical  action.  Its  intensity 
from  a  very  powerful  battery  is  greater  than  that  of  any 
heat  that  can  be  obtained  by  artificial  means,  so  that  it 
fiises  substances  which  resist  the  action  of  the  most 
powerful  furnaces.  The  temperature  of  every  part  of  a 
Voltaic  battery  itself  is  raised  during  its  activity. 

When  the  battery  is  powerful,  the  luminous  effects  of 
Voltaic  electricity  are  very  brilliant.  But  considerable 
intensity  is  requisite  to  enable  the  electricity  to  force  its 
way  through  the  air  on  bringing  the  wires  together  from 
the  opposite  poles.  Its  transit  is  accompanied  by  light ; 
and  in  consequence  of  the  continuous  supply  of  the  fluid, 
V^rka  occur  every  time  the  contact  of  the  wires  is  either 
broken  or  renewed.  The  most  splendid  artificial  light 
known  is  produced  by  fixing  pencils  of  charcoal  at  the 
extremities  of  the  wires,  and  bringing  them  into  contact. 
This  light  is  the  more  remarkable,  as  it  appears  to  be 
independent  of  combustion,  since  the  charcoal  suffers  no 
change,  and  likewise  because  it  is  equally  vivid  in  such 
gases  as  do  not  contain  oxygen.  Though  nearly  as  bright 
as  solar  light,  it  differs  materially  from  it  when  analyced 
with  a  prism.  Professor  Wheatstone  has  found  that  the 
appearance  of  the  spectrum  of  the  Voltaic  spark  depends 
upon  the  metal  from  whence  the  spark  is  taken.  The 
spectrum  of  that  from  mercury  consists  of  seven  definite 
rays,  separated  from  each  other  by  dark  intervals ;  these 
visible  rays  are  two  orange  lines  close  together,  a  bright 
green  line,  two  blueish  green  lines  near  each  other,  a  very 
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fcright  purple  line,  and  lastly  a  violet  line.  The  epsrk 
taken  from  zinc,  cadmium,  tin,  biBmnlh,  and  lead  in  ibe 
melted  state,  gives  similar  results ;  l>ut  tbe  number,  por- 
tion, and  colour  of  the  lines  vary  so  much  in  each  case, 
nnd  ihe  appearances  are  so  different,  that  the  metale  may 
be  easily  distinguished  from  each  other  by  this  mode  of 
investigation.  It  appears  moreover,  that  the  light  don 
:e  from  the  combustion  of  the  metal  ;  for  the  Vohtic 
■park  taken  from  mercury  succesaively  in  the  vacuum  of 
an  air-puinp,  in  the  Torricellian  vacuum,  and  in  carbonic 
Acid  ga^,  is  precisely  the  tame  as  when  the  experiment  is 
performed  in  the  air  or  in  oxygen  gas.  Notwithalaiiditii^ 
the  difference  between  electric  and  solar  light,  M.  AnfC  a 
incUned  to  attribute  the  intense  UgbC  and  heat  of  die  sun 
to  electrical  action. 

Voltaic  electricity  is  a  powerful  agent  in  ctieraicil  uMk 
lysis.  When  transmitted  through  conducting  floida  it 
Eeparates  them  into  their  constituent  parts,  which  it  coa- 
veys  in  an  invisible  state  through  a  considerable  space  w 
quantity  of  liquid  to  the  poles,  where  they  come  into  en- 
dence.  Numerous  instances  might  be  given,  but  the  de- 
composition of  water  is  perhaps  the  most  simple  ud 
el^anL  Suppose  a  glass  tube  filled  with  very  pure  wtls, 
and  corked  at  both  ends  ;  if  one  of  the  wires  of  an  actirc 
Voltaic  battery  be  made  to  pass  through  one  cork  and  tlv 
other  through  the  other  cork,  into  the  water,  ed  that  dw 
extremities  of  the  two  wires  shall  be  opposite  and  aboul  > 
quarter  of  an  inch  asunder,  chemical  action  will  imn^ 
diately  take  place,  and  gas  will  continue  to  rise  from  At 
extremities  of  both  wires  till  the  water  has  vanished.  If 
an  electric  spark  be  then  sent  through  the  tube,  the  wattr 
will  re-appear.  By  arranging  the  experiment  so  as  to  bnt 
the  gas  given  out  by  each  wire  separately,  it  is  found  thil 
water  conaiste  of  two  voliimea  of  hydrogen  and  one  tt 
cxygea.     The  hydroftea  V»  »■««&  «im.^.  «*.  'i«  ■v"'^"'*'^^* 
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of  the  battery^  and  the  oxygen  at  the  negative.     The 
oxides  are  also  decomposed:    the  oxygen  appears  at  the 
]k>sitive  pole,  and  the  metal  at  the  negative.     The  decom« 
position  of  the  alkalies  and  earths  by  Sir  Humphry  Davy 
fbmied  a  remarkable  era  in  the  history  of  science.     Soda^ 
potass^  lime,  magnesia,  and  other  substances  heretofore 
considered  to  be  simple  bodies  incapable  of  decomposition, 
were   resolved   by  electric  agency  into  their   constituent 
parts,  and  proved  to  be  metallic  oxides,  by  that  illustrious 
philosopher.    All  chemical  changes  produced  by  the  electric 
fluid  are  accomplished  on  the  same  principle;  and  it  appeara 
tliat  in  general,  combustible  substances,  metals,  and  alka-« 
lies  go  to  the  n^ative  wire,  while  acids  and  oxygen  are 
evolved  at  the  positive.     The  transfer  of  these  substances 
to  the  poles  is  not  the  least  wondetful  efPect  of  the  Voltaic 
battery.     Though  the  poles  be  at  a  considerable  distance 
from  one  another,  nay,  even  in  separate  vessels,  if  a  com- 
munication be  only  established  by  a  quantity  of  wet  thread, 
as  the  decomposition  proceeds  the  component  parts  pass 
through  the  thread  in  an  invisible  state,  and  arrange  them^ 
lelves  at  their  respective  poles.     According  to  Dr.  Faraday, 
electro-chemical  decomposition  is  simply  a  case  of  the  pre- 
ponderance of  one  set  of  chemical  affinities  more  powerful 
in  their  nature  over  another  set  which  are  less  powerful. 
The  great  efficacy  of  Voltaic  electricity  in  chemical  decom. 
position  arises  from  the  continuance  of  its  action  ;  and  its 
agency  appears  to  be  most  exerted  on  fluids  and  substances 
which,  by  conveying  the  electricity  partially  and  imper- 
fectly, impede  its  progress.     But  it  is  now  proved  to  be 
as  efficacious  in  the  composition  as  in  the  decomposition  or 
analysis  of  bodies. 

It  had  been  observed  that  when  metallic  solutions  are 
subjected  to  galvanic  action,  a  deposition  of  metal,  some- 
times in  the  form  of  minute  crystals,  take«  \\aL<£)^  qti  ^^ 
jifgAdve  wire.    By  extending  this  princi^iVe,  axvOi  ew^^'^ 
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iDg  a  verj  feeble  Voltaic  actioii,  M.  Becqaerel  baa  euc- 
ceeiled  in  forming  crystals  of  a  great  proportion  of  ibe 
miDeral  substances,  precisely  similar  to  those  produced  bf 
nature.  The  electric  state  of  metallic  veins  makes  it  pos- 
sible tbat  many  natural  crystals  may  have  taken  iheii  form 
from  the  action  of  electricity  bringing  their  ultinuw 
particles,  when  in  solution,  within  the  narrow  epbeie  irf 
molecular  attraction  already  mentioned  as  the  great  tjpot 
in  the  formation  of  soUds.  Bath  light  and  moiiou  fatow 
ccyEtallisalion.  Crystals  which  form  in  difierenl  liquilll 
are  generally  more  abundant  on  the  aide  of  the  jar  espmei 
to  the  light ;  and  it  is  well  known  that  still  water,  cookd 
below  32°,  starts  into  crystal*  of  ice  the  instant  it  it  | 
agitated.  Light  and  motion  are  intimately  connected  with 
electricity,  which  may  therefore  have  someinflueDWOalbt 
laws  of  aggregation  ;  this  is  the  more  likely,  u  a  f«eUr  | 
action  is  alone  necessary,  provided  it  be  continued  ftrs 
Eufficictit  time.  Crystals  formed  rapidly  are  gencrsily  im- 
perfect and  soft,  and  M.  Becquerel  found  that  even  jetn 
of  constant  Voltaic  action  were  necessary  for  the  crywlli*- 
ation  of  some  of  the  hard  substances.  If  this  law  he 
genera],  bow  many  ages  may  be  required  for  the  foruuliH 
of  a  diamond  ? 

Common  electricity,  on  account  of  its  bigh  tennoi, 
passes  through  water  and  other  liquids,  as  Boon  n  it  b 
foiroed,  whatever  the  length  of  its  course  may  be.  Voltnt 
electricity,  ou  the  contrary,  is  weakened  by  the  dUtiKC  it 
has  to  traverse.  Pure  water  is  a  bad  conductor  ;  but  in 
absolutely  stops  a  current  of  Voltaic  electricity  altogdhV) 
whatever  be  the  powet  of  the  battery,  although  comiwM 
electricity  has  sufficient  power  to  overcome  it*  reuuuM. 
Dr.  Faraday  has  discovered,  that  this  property  it  not  pMu- 
liar  to  water ;  that  with  a  few  exceptions,  bodies  wtiidi  d» 
not  conduct  electricity  when  solid  acquire  tbat  pnpBltfi 
SDd  are  imnie^te\j  Aeoom^owA.  ^(\iea  'b»j  \Ra>iB«  (oU  i 
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and  in  general^  tbat  decomposition  takes  place  as  soon  as 
the  solution  acquires  the  capacity  of  conduction^  which  has 
ted  him  to  suspect  that  the  power  of  conduction  may  be 
<mly  a  consequence  of  decomposition. 

Heat  increases  the  conducting  power  of  some  substances 
for  Voltaic  electricity^  and  of  the  gases  for  both  kinds. 
I>r.  Faraday  has  given  a  new  proof  of  the  connexion  be« 
fween  heat  and  electricity^  by  showing  that  in  general^ 
when  a  solid  which  is  not  a  metal  becomes  fluids  it  al-* 
Biost  entirely  loses  its  power  of  conducting  heat^  while 
it  acquires  a  capacity  for  conducting  electricity  in  a  high 
degree. 

The  galvanic  fluid  afPects  all  the  senses.     Nothing  can 
be  more  disagreeable  than  the  shock,  which  may  even  be 
fatal  if  the  battery  be  very  powerful.     A  bright  flash  of 
light  is  perceived  with  the  eyes  shut,  when  one  of  the 
wires  touches  the  face  and  the  other  the  hand.     By  touch- 
ing the  ear  with  one  wire  and  holding  the  other,  strange 
noises  are  heard,  and  an  acid  taste  is  perceived  when  the 
positive  wire  is  applied  to  the  tip  of  the  tongue  and  the 
negative  wire  touches  some  other  part  of  it.     By  reversing 
the  poles  the  taste  becomes  alkaline.     It  renders  the  pale 
light  of  the  glow-worm  more  intense.     Dead  animals  are 
roused  by  it,  as  if  they  started  again  into  life,  and  it  may 
ultimately  prove  to  be  the  cause  of  muscular  action  in  the 
living. 

Several  fish  possess  the  faculty  of  producing  electrical 
effects.  The  most  remarkable  are  the  gjrmnotus  electricus, 
found  in  South  America ;  and  the  torpedo,  a  species  of  ray, 
frequent  in  the  Mediterranean.  The  electrical  action  of 
the  torpedo  depends  upon  an  apparatus  perfectly  analogous 
to  the  Voltaic  pile,  which  the  animal  has  the  power  of 
charging  at  will,  consisting  of  membranous  columns  filled 
throughout  with  lamina,  separated  from  one  wvaxbet  \s^  ^ 
fluid.     The  absolute  quantity  of  elecViicvX^  \stwx^\.  'vo^ 


ci^(^u]atio!l  by  tliP  torpedo  is  so  great,  that  it  effbctt  the  de« 
composition  of  water,  has  po^er  BufGcient  to  make  ma 
gives  very  severe  shocks  and  tbe  electrie  sptirk. 
identical  in  kind  with  that  of  the  galvanic  batlerr.  tbe 
electricity  of  the  under  surface  of  the  fish  being  tbe 
with  the  negative  pole,  and  that  in  the  upper  aurfwe  tlw 
same  with  the  positive  pole.  Its  manner  of  actii 
however,  somewhat  ditFereut ;  far  although  the  evolulion 
of  the  electricity  is  continued  for  a  sensible  time,  it  , 
interrupted,  being  communieated  by  a  succcasioa  of  ilii 
charges. 
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BKRESTRIAL     MAGNETISM. MAGNETIC     MERIDIANS. VARIATION 

OP   THE  COMPASS. LINES  OF  NO  VARIATION. MAGNETIC  POLES* 

'—THEIR    NUMBER    AND    POSITION. DIURNAL   AND    NOCTURNAIf 

VARIATIONS.  THE      DIP.  THE     MAGNETIC      EQUATOR.  ITS 

POSITION.  VARIATION     IN     THE     DIP.  CAUSE     OP    MAGNETIC 

CHANGES    UNKNOWN. —ORIGIN    OF   THE    MARINER*S    COMPASS. 

NATURAL    MAGNETS. ARTIFICIAL   MAGNETS POLARITY. —IN^ 

J>UCTION.  —  INTENSITY.  HYPOTHESIS  OF  TWO  MAGNETIC  FLUIDS. 

—  DISTRIBUTION  OF  THE    MAGNETIC    FLUID. ANALOGY  BETWEEN 

MAGNETISM    AND    ELECTRICITY. 

[k  order  to  explain  the  other  methods  of  exciting  electri«' 
dty^  and  the  recent  discoveries  that  have  been  made  in  that 
Kdence,  it  is  necessary  to  be  acquainted  with  the  general 
iheory  of  magnetism,  and  also  with  the  magnetism  of  th^ 
>arth^  the  director  of  the  mariner's  compass^  his  guide 
:hrough  the  ocean.  Its  influence  extends  over  every  part 
>f  the  earth's  surface,  but  its  action  on  the  magnetic 
aeedle  determines  the  poles  of  this  great  magnet,  which  by 
30  means  coincide  with  the  poles  of  the  earth*s  rotation, 
[n  consequence  of  their  attraction  and  repulsion^  a  needle 
freely  suspended,  whether  it  be  magnetic  or  not,  only 
remains  in  equilibrio  when  in  the  magnetic  meridian,  that 
iSy  in  the  plane  which  passes  through  a  north  and  south 
magnetic  pole.  There  are  places  where  the  magnetic 
oieridian  coincides  with  the  terrestrial  meridian.  In  these 
I  magnetic  needle  freely  suspended  points  to  the  true 
north  ;  but,  if  it  be  carried  successively  to  different  places 
3n  the  earth's  surface,  its  direction  will  deviate  sometimes 
to  the  east  and  sometimes  to  the  west  of  north.  Lines 
drawn  on  the  globe  through  all  the  places  where  the  ueftdJi^ 
points  due  north  and  south,  are  called  \mea  ol  wo  N«x\^>ass^, 


and  they  are  exlremely  complicated.  Lines  drawn  liiraugh 
all  those  places  where  the  needle  deviates  from  the  geogra- 
phical meridian  hy  an  equal  quantity,  are  lines  of  eijuil 
variation.  The  direction  of  the  needle  is  not  even  conitsnt 
in  the  same  place,  but  changes  in  a  few  yean  accotiling  u 
a  law  not  yet  delermined.  In  1658,  a  line  of  no  vailalion 
paBse<i  through  London  ;  from  that  time  it  hat  moicd 
slowly  but  irregularly  westward,  and  is  now  near  Ne« 
York,  in  North  Ameiica. 

The  needle  ia  also  subject  to  diurnal  varialiODa.  In 
our  latitudes  the  end  which  points  to  the  north  nww 
slowly  westward  during  the  forenoon,  and  returns  U>  w 
mean  position  about  ten  in  the  evening  ;  it  then  de*i(M 
to  the  eastward,  and  again  returns  to  its  mean  poMli«  , 
about  ten  in  the  morning.  These  changes  seem  to  be  In- 
timately connected  with  the  motion  of  tlie  son  with  irpii  a 
the  m^neCic  meridian.  M.KupfTer  of  Casan  RscerlaiMd,  I 
in  the  year  1831.  that  there  is  a  niphtly  as  well  as  a  diurnil 
variation,  depending,  in  his  opinion,  upon  a  variitioa  is 
the  magnetic  equator. 

A  magnetic  needle,  suEpended  ao  as  to  be  rooveablewlT 
in  the  vertical  plane,  dips,  or  becomes  more  and  nort  »■ 
dined  to  the  horizon,  the  nearer  it  is  brought  to  the  luf- 
netic  pole,  and  there  becomes  vertical.  Lines  of  eqnil  dip 
are  such  as  pass  through  all  those  points  on  the  gMl 
where  the  dipping  needle  makes  the  same  angle  with  lb 
horizon.  The  law  of  terrestrial  magnetism  is  very  NO- 
plicated,  and  the  existence  of  two  magnetic  poles  in  t»A 
hemisphere  is  more  than  probable.  M.  Hanstein  of  Co- 
penhagen has  collected  a  vast  number  of  magnetic  oliW- 
ations  made  in  various  parts  of  the  globe,  by  mean  rf 
which  he  has  constructed  maps,  showing  the  Unci  cf 
equal  dip  and  equal  variation,  corresponding  to  •  wMf 
of  epochs  from  the  year  I6OO.  All  of  these  show  ibe 
existence  of  two  magnetic  poles  in  each  hemitphoe,  wdl 
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'moaparison  of  the  maps  of  the  different  epochs  marks  a 
diange  in  the  geographical  position  of  the  four  poles.  The 
jliro  in  the  northern  hemisphere  move  gradually  to  the 
^aatward^  and  those  in  the  southern  hemisphere  are  tending 
ifestward.  Moreover,  it  appears  that  in  each  hemisphere 
jooe  of  the  poles  is  more  powerful  than  the  other^  and  has 
a  slower  motion. 

Much  of  this  has  heen  confirmed  by  observation  on  the 
qpot;  for  in  the  year  1819,  Sir  Edward  Parry,  during 
his  voyage  to  discover  the  north-west  passage  round  Ame* 
rica,  sailed  near  one  of  the  magnetic  poles  somewhere 
aboat  70**  north  latitude,  and  98°  SO'  west  longitude, 
which  corresponds  with  the  later  observations  of  Sir  John 
Franklin.  But  the  most  recent  observations  are  those  of 
Captain  James  Ross,  who  found,  in  70°  5'  17^^  north 
latitude,  and  96^  4t6'  4^5^'  west  longitude,  that  the  dip 
was  89!^  59^,  which  is  within  one  minute  of  the  vertical, 
and  therefoK  the  American  magnetic  pole  must  be  very 
near  that  spot.  There  is  a  magnetic  pole  in  Siberia  aIso> 
ntnate  in  102°  east  longitude,  and  a  little  to  the  Uoitb  of 
the  60th  degree  of  north  latitude ;  so  that  the  two  magnetic 
poles  in  the  northern  hemisphere  are  about  198°  46^  45^^ 
distant  from  each  other. 

It  appears  that  the  intensity  of  the  American  pole  is 
greater  than  that  in  Siberia. 

According  to  M.  Hanstein's  maps,  the  most  powerful 
of  the  southern  magnetic  poles  must  be  to  the  south  of 
New  Holland ;  and  the  weaker  one,  in  the  southern  part 
of  the  Pacific,  probably  about  south  south-east  of  New 
Zealand.  But  so  uncertain  is  our  knowledge  of  terrestrial 
magnetism,  that  in  Mr.  Barlow's  magnetic  chart,  formed 
from  the  last  observations,  the  line  of  no  variation  which 
passes  through  the  Indian  Ocean  is  inconsistent  with  the 
hypothesis  of  either  two  or  four  poles. 

In  some  places  the  dipping  needle  is  horizontal.   A  line 
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passiog  through  aU  these  pomtB  ia  called  the  nugnniv 
equator.  The  needle  aasumeg  every  degree  of  indinalioD 
between  the  magnetic  equator  anil  the  magnetic  poles. 
The  magnetic  equator  does  not  coincide  with  the  lerres- 
trial  equator;  it  appears  to  be  an  irregular  curve  paiuag 
Tound  the  earth,  and  inclined  to  the  earth's  equator  at  an 
angle  of  about  13',  and  crossing  it  in  several  pointi,  the 
poaidon  of  which  seems  still  to  be  uncertain.  Acconlinj 
to  some  accounts,  that  curve  cuts  the  equator  in  tbtK 
points ;  whereas  Captain  Duperry,  wha  crossed  ii  »■ 
peatedly  during  hia  voyage  of  discovery,  affirms,  that  fwa 
his  own  observations,  combined  with  those  of  M.  Juleadc 
^losville  and  Captain  Sabine,  it  crosses  the  tomtaal 
equator  in  only  two  poinia,  diametrically  opposite  to  <ipe 
fmother,  and  not  far  from  the  meridian  of  Farii.  Ok 
of  these  nodes  he  places  in  the  Atlantic,  the  odier  in  ^ 
Pacific.  He  finds  that  the  magnetic  equator  deviaiei  iMt 
little  frniii  the  terrestriiil  eqimtor  in  tliat  part  of  the  S,juih 
Sea  where  there  ate  only  a  few  scattered  islauda ;  that  a 
the  islands  hecome  more  frequent  the  deviation  incieiH^ 
and  arrives  at  a  maximum,  both  to  the  north  and  aoaib,!! 
traversing  the  African  and  American  continents  ;  and  ihM 
the  symmetry  of  the  northern  and  southern  Begmenlt  of 
this  curve  is  much  greater  than  was  imagined. 

The  dip  is  variable  :  according  to  CapUin  Sabine,  i| 
has  been  decreasing  in  the  northern  latitudes  for  the  ItK 
fifty  years,  at  tlie  rale  of  three  minutes  annually.  Tbe 
variation  in  the  dip  arises  from  a  change  in  the  raagnedt 
latitude,  caused  by  a  small  annual  translation  of  ll" 
whole  magnetic  equator  from  east  to  west,  discovered  by 
M.  Morlet,  and  confirmed  by  the  investigations  of  H. 
Arago.  This  translation  is  now  supposed  to  be  actoii- 
panied  by  a  change  of  form. 

If  a  magnetised  needle  fieely  suspended,  and  at  rtalia 
the  magnetic  men4iMv,\>e  itvnu  «wj  -oixvi^Qet  lA  4ieQca 
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Iwm  its  position  it  will  make  a  certain  number  of  oscil- 
tttions  before  it  resumes  its  state  of  rest.  The  intensity 
if  the  magnetic  force  is  determined  from  these  oscillations^ 
n  the  same  manner  that  the  intensity  of  the  gravitating 
md  electrical  forces  is  known  from  the  vibrations  of  the 
lendulum  and  the  balance  of  torsion^  and  in  all  these  cases 
tis  proportional  to  the  squares  of  the  number  of  oscillations 
lerformed  in  a  given  time.  Consequently^  a  comparison 
if  the  number  of  vibrations  accomplished  by  the  same 
leedle^  during  the  same  time^  in  different  parts  of  the 
svtli's  surface^  wiU  determine  the  variations  in  the  mag- 
letic  action.  By  this  method  MM.  de  Humboldt  and 
Etotsel  have  discovered  that  the  intensity  of  the  magnetic 
Ssrce  increases  from  the  equator  to  the  poles^  where  it  is 
^bably  at  its  maximum.  It  appears  to  be  doubled  in 
the  ascent  from  the  equator  to  the  western  limits  of 
Baffin's  JBay.  According  to  the  magnetic  observations  of 
Professor  Hanstein  of  Christiana^  the  magnetic  intensity 
bas  been  decreasing  annually  at  Christiana^  London^  and 
Paris,  at  the  rate  of  its  235th,  725th,  and  1020th  parts 
re^ctively^  which  he  attributes  to  the  revolution  of  the 
Siberian  magnetic  pole.  A  diurnal  variation  in  the  hori- 
iontal  intensity  has  also  been  observed  by  M.  Hanstein  at 
Christiana^  and  by  Mr.  Christie  at  Woolwich.  It  is  still 
doubtful  whether  the  magnetic  intensity  varies  with  the 
beight  above  the  earth,  a  circumstance  which  might  be 
iscertained  by  skilful  observations  on  the  tops  of  very 
lofty  mountains^  or  in  a  balloon. 

The  translation  of  the  magnetic  equator^  the  motion  of 
the  magnetic  poles^  the  changes  in  the  intensity  of  the  mag- 
netic force^  and  the  variations  of  the  dipping  needle  and 
mariner's  compass  have  been  attributed  to  the  heat  of  the 
Bun ;  and  M.  Hanstein  has  even  found  a  general  resem- 
Uance  between  the  isothermal  lines  and  tVie  Aixv^^  oi  ^o^*^ 
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dip  on  the  anrfare  of  the  earth :  yet  in  the  pieseoC  iiiU 
of  our  knowledge  they  can  only  be  legardeil  as  eSbcU  of   i 
some  unknown  cause ;  and  so  much  uncertainlj  preylil*   1 
in  the  magnetic  phenomena  of  the  earth  that  the  ranlli    I 
abeady  obtained  require  to  be  continuatly  corrected  bynew 

The  inventor  of  the  mariner's  compasn,  like  motl  of  the 
early  benefactors   of  mankind,  is  unknown.      It  is  eM 
doubted  wliich  nation  fir»it  made  use  of  magnetic  poluilf   ' 
to  determine  positions  on  the  surface  of  the  globe.     Bulil  . 
is  said  that  a  rnde  form  of  the  compass  was  invetileil  in 
Upper  Asia,  and  conveyed  thence  by  the  Tartars  to  Chin,   ' 
where  the  Jesuit  missionaries  found  traces  of  this  inttn- 
nient  having  been  employed  as  a  guide  to  land  trtreOot  , 
in  very  remote  antiquity.      From  that  the  compass  sfKWl 
over  the   East,   and   was   imported    into   Europe  by  >lK 
Crusaders,  and  its  construction  improved  by  an  artisl  of    ' 
Amalti,  on   the    coast    of    Calabria.       It   seems   thU  tbe 
Chinese   oidy    employed    twenty-four    cardinal    diiiuoK 
which  the  Germans  increased  to  thirty-two,  and  gin  t)K 
points  the  names  which  they  still  bear. 

The  variation  of  the  compass  was  unknown  until  Cfr 
lumbus,  during  his  first  voyage,  observed  that  the  nndk 
decUne^l  from  the  meridian  as  he  advanced  acron  i* 
Atlantic.  The  dip  of  tbe  magnetic  needle  was  flr»t  notilt' 
by  Robert  Norman,  in  the  year  1576. 
I  Very  delicate  experiments  have  shown  that  all  ImliH 
are  more  or  less  susceptible  of  magnetism.  Many  of  dv 
gems  give  signs  of  it ;  titanium  and  nickel  always  pmt^ 
the  properties  of  attraction  and  repulsion.  Bat  i* 
magnetic  agency  is  most  powerfully  developed  in  i«* 
and  in  that  particular  ore  of  iron  called  the  kwdHMt, 
which  consists  of  the  protoxide  and  the  peroxide  of  inn 
together  with  small  portions  of  silica  and  aluminh  A 
metal  is  often  susceptible  of   magnetism  if  it  only  d*" 
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jtoins  the  130^ 000th  part  of  its  weight  of  iron^  a  quantity 
loo  small  to  be  detected  by  any  chemical  test. 

The  bodies  in  question  are  naturally  magnetic^  but  that 
property  may  be  imparted  by  a  variety  of  methods^  as  by 
friction  with  magnetic  bodies,  or  juxtaposition  to  them ; 
bat  none  is  mo^e  simple  than  percussion.  A  bar  of  bard 
steely  held  in  the  direction  of  the  dip^  will  become  a  mag. 
net  on  receiving  a  few  smart  blows  with  a  hammer  on  its 
upx>er  extremity  ;  and  M.  Hanstein  has  ascertained  that 
every  substance  has  magnetic  poles  when  held  in  that 
position^  whatever  the  materials  may  be  of  which  it  is 
composed. 

One  of  the  most  distinguishing  marks  of  magnetism  is 
polarity^  or  the  property  a  magnet  possesses  when  freely 
suspended^  of  spontaneously  pointing  nearly  north  and 
fiOVLth,  and  always  returning  to  that  position  when  dis- 
turbed. Another  property  of  a  magnet  is  the  attraction  of 
unmagnetised  iron.  Both  poles  of  a  magnet  attract  iron« 
which  in  return  attracts  either  pole  of  the  magnet  with 
an  equal  and  contrary  force.  The  magnetic  intensity  is 
most  powerful  at  the  poles^  as  may  easily  be  seen  by 
dipping  the  magnet  into  iron  filings,  which  will  adhere 
abundantly  to  each  pole,  while  scarcely  any  attach  them- 
aelYes  to  the  intermediate  parts.  The  action  of  the  magnet 
on  unmagnetised  iron  is  confined  to  attraction,  whereas 
the  reciprocal  agency  of  magnets  is  characterised  by  a 
repulsive  as  well  as  an  attractive  force,  for  a  north  pole 
repels  a  north  pole,  and  a  south  repels  a  south  pole.  But  a 
north  and  a  south  pole  mutually  attract  one  another,  which 
proves  that  there  are  two  distinct  kinds  of  magnetic  forces, 
directly  opposite  in  their  effects,  though  similar  in  their 
mode  of  action. 

Induction  is  the  power  which  a  magnet  possesses  of 
exciting  temporary  or  permanent  magnetism  in  sudi  bodies 
Ml  its  vicinity  as  are  capaUe  of  receiving  it     By  this  pro«> 
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petty  the  mere  appnwch  of  a  magnet  renders  iron  or  sted 
magnetic,  the  more  powerfully  the  less  the  distauce.  Wbtn 
the  north  pole  of  a  magnet  is  brought  near  to,  and  in  tiie 
line  with,  an  unmagnetised  iron  har,  the  bar  acquire!  ill 
the  properties  of  a  perfect  magnet;  the  end  next  the  north 
pole  of  the  magnet  becoities  a  south  pole,  while  the  [emote 
end  becomes  a  north  pole.  Exactly  the  rererse  uLn 
place  when  the  south  pole  is  presented  to  the  bar;  m  ihil 
each  pole  of  a  magnet  induces  the  oppoeile  polarity  ia  lb* 
adjacent  end  of  the  bar,  and  the  same  polarity  in  the  remate 
extremity  ;  consequently  the  nearest  extremity  of  the  b«i 
is  attracted,  and  the  farther  repelled  ;  but  as  the  action  it 
greater  on  the  adjacent  than  on  the  distant  part,  then- 
suiting  force  is  that  of  attraction.  By  induction,  the  inn 
bar  not  only  acquires  polarity,  but  the  power  of  indudng 
magnetism  in  a  third  body ;  and  although  all  these  pnr- 
pertica  vanish  from  the  Iron  as  soon  as  the  magnet  is  re. 
moved,  a  lasting  increase  of  intensity  is  generally  iraparttd 
to  the  magnet  itself  by  the  re-action  of  the  tempomj 
magneiism  of  the  iron.  Iron  acquires  magnetism  matt 
rapidly  than  steel,  yet  it  loses  it  as  quickly  on  the  remoTil 
of  the  magnet,  whereas  the  steel  is  impressed  with  a  laidnj 
polarity. 

A  certain  time  is  requisite  for  the  induction  of  mag- 
netism, and  it  may  be  accelerated  by  any  thinjt  thai 
excites  a  vibratory  motion  in  the  particles  of  the  itcd, 
such  as  the  smart  stroke  of  a  hammer,  or  beat  nc- 
ceeded  by  sudden  cold.  A  sleel  bar  may  he  converted 
into  a  magnet  by  the  transmission  of  an  electric  discliiige 
through  i( ;  and  as  its  efficacy  is  the  same  in  wliiicTtr 
direction  t'le  electricity  passes,  the  magnetism  arises  from 
its  mechanical  operation  exciting  a  vibration  among  the 
parades  of  the  steeL  It  has  been  observed  that  the 
particles  of  iron  easily  resume  their  neutral  state  afMr 
induction,  but  that  those  of  iteel  Teuat  the  reilontioD  ot 
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magnetic  equjlibrium^  or  a  return  to  the  neutral  state  :  it 
is  therefore  evident,  that  any  cause  which  remoyes  or 
diminishes  the  resistance  of  the  particles  will  tend  to 
destroy  the  magnetism  of  the  steel;  consequently^  the 
same  mechanical  means  which  develope  magnetism  wiU 
also  destroy  it.  On  that  account  a  steel  bar  may  lose  its 
magnetism  by  any  mechanical  concussion,  such  as  by 
£Blling  on  a  hard  substance^  a  blow  with  a  hammer^  and 
heating  to  redness^  which  reduces  the  steel  to  the  state  of 
soft  iron.  The  circumstances  which  determine  whether  it 
shall  gain  or  lose,  being  its  position  with  respect  to  the 
magnetic  equator,  and  the  higher  or  lower  intensity  of  its 
previous  magnetic  state. 

Polarity  of  one  kind  only  cannot  exist  in  any  portion  of 
iron  or  steel ;  in  whatever  manner  the  intensities  of  the 
two  kinds  of  polarity  may  be  diffused  through  a  magnet, 
they  exactly  balance  'or  compensate  one  another.  The 
northern  polarity  is  confined  to  one  half  of  a  magnet,  and 
the  southern  to  the  other,  and  they  are  generally  concen- 
trated in  or  near  the  extremities  of  the  bar.  When  a 
magnet  is  broken  across  its  middle,  each  fragment  is  at 
once  converted  into  a  perfect  magnet ;  the  part  which 
originally  had  a  north  pole  acquires  a  south  pole  at  the 
fractured  end ;  the  part  that  originally  had  a  south  pole 
gets  a  north  pole ;  and  as  far  as  mechanical  division  can 
be  carried,  it  is  found  that  each  fragment,  however  small, 
is  a  perfect  magnet. 

A  comparison  of  the  number  of  vibrations  accomplished 
by  the  same  needle,  during  the  same  time,  at  different 
distances  from  a  magnet,  gives  the  law  of  magnetic  in- 
tensity, which,  like  every  known  force  that  emanates  from 
a  centre,  follows  the  inverse  ratio  of  the  squares  of  the 
distances, — a  law  that  is  not  affected  by  the  intervention  of 
any  substance  whatever  between  the  magnet  and  the  needle, 
provided  that  substance  be  not  itself  susceptible  of  mag- 
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Induction  and  the  reciprocal  action  of  mtgaeta 
therefore  subject  to  tlie  Inws  of  mcchaniu ;  but  the 
composition  and  reeolution  of  the  forced  are  complicaleil, 
in  conBequence  of  four  forces  being  constantly  in  actiyily, 
two  in  each  magnet- 
Mr.  Were  Fox,  who  hai  paid  much  attention  to  thi> 
branch  of  the  Ecience,  has  lately  diBcovered  that  the  law  of 
the  magnetic  force  changes  from  the  inrerse  squares  of  ibe 
distance  to  the  eimple  inverse  ratio,  when  the  distanre 
between  tiro  magnets  a  as  small  as  from  the  fourth  to  ihe 
eighth  of  an  inch,  or  even  as  much  as  lialf  an  inch  whea 
the  magnets  are  large.  He  foand,  that  in  the  case  of 
repulsion,  the  change  takes  place  at  a  still  greater  dii- 
tance,  especially  when  the  two  magnets  differ  materiflll7  in 
intensity. 

There  can  hardly  be  a  doubt  but  that  all  the  pheDO- 
mena  of  magnetism  like  those  of  electricity  may  be  n- 
plained  on  the  iiyjiolliL-sis  «f  one  ethereal  Hui.l,  whi,-li  i! 
condensed  or  redundant  in  the  positive  pole,  and  defident 
in  the  negative ;  a  theory  that  accords  best  with  Ac 
simplicity  and  general  nature  of  the  laws  of  creation; 
nevertheless,  Baron  Poisaon  has  adopted  the  hjpotbesi 
of  two  extremely  rare  fluids  pervading  all  the  partida 
of  iron,  and  incapable  of  leaving  them.  Whether  th( 
particles  of  these  fluids  are  coincident  with  the  inol»> 
cules  of  the  iron,  or  that  they  only  fill  the  interstiMi 
between  them,  is  unknown  and  immaterial.  But  il  it 
certain  that  the  sum  of  all  the  magnetic  molecules,  added 
to  the  sum  of  all  the  spaces  between  them,  whether  oeni> 
pied  by  matter  or  not,  must  be  equal  to  the  whole  Tolume 
of  the  magnetic  body.  ^Vhen  the  two  fluids  in  questiM 
are  combined  they  are  inert,  so  that  the  substances  eon- 
taining  them  show  no  signs  of  magnetism  ;  but  when 
separate  they  are  active,  the  molecules  of  each  of  the  fluiitl 
attracting  those  of  the  oppoilte  kind,  and  repelling  ihoM 


SEOT.XZIX.        DISTRIBUTION   OF    THE   FLUIDS.'  S4S 

of  the  same  kind.  The  decomposition  of  the  united  fluids 
is  accomplished  by  the  inductive  influence  of  either  of  the 
separate  fluids ;  that  is  to  say,  a  ferruginous  body  acquires 
pcdarity  by  the  approach  of  either  the  south  or  north  pole 
of  a  magnet  The  magnetic  fluids  pervade  each  molecule 
of  the  mass  of  bodies^  and  in  all  probability  the  electric 
fluid  does  the  same^  though  it  appears  to  be  confined  to 
the  surface ;  if  so^  a  compensation  must  take  place  among 
the  internal  forces.  The  electric  fluid  has  a  perpetual 
tendency  to  escape^  and  does  escape^  when  not  prevented 
by  the  coercive  power  of  the  surrounding  air  and  other 
nonconducting  bodies.  Such  a  tendency  does  not  exist  in 
the  magnetic  fluids^  which  never  quit  the  substance  that 
contains  them  under  any  circumstances  whatever ;  nor  is 
any  sensible  quantity  of  either  kind  of  polarity  ever  trans- 
ferred from  one  part  to  another  of  the  same  piece  of  steel. 
It  appears  that  the  two  magnetic  fluids^  when  decomposed 
by  the  influence  of  magnetising  forces,  only  undergo  a 
displacement  to  an  insensible  degree  within  the  body. 
The  action  of  all  the  particles  so  displaced  upon  a  particle 
of  the  magnetic  fluid  in  any  particular  situation^  compose 
a  resultant  force,  the  intensity  and  direction  of  which  it  is 
the  province  of  the  analyst  to  determine.  In  this  manner 
M.  Poisson  has  proved  that  the  result  of  the  action  of  all 
the  magnetic  elements  of  a  magnetised  body,  is  a  force 
equivalent  to  the  action  of  a  very  thin  stratum  covering 
the  whole  surface  of  a  body^  and  consisting  of  the  two 
fluids  —  the  austral  and  the  boreal,  occupying  difierent 
parts  of  it ;  in  other  words,  the  attractions  and  repulsions 
externally  exerted  by  a  magnet,  are  exactly  the  same  as 
if  they  proceeded  from  a  very  thin  stratum  of  each  fluid 
occupying  the  surface  only^  both  fluids  being  in  equal 
quantities,  and  so  distributed  that  their  total  action  upon  all 
the  points  in  the  interior  of  the  body  are  equal  to  nothing. 
Since   the   resulting   force   is  the  diflerence  of  the  two 
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polaritieE,  its  intensity  muBt  be  grestlj  inferior  to  ihu  of 

In  addilioa  to  the  forces  already  mentioned,  there  miisi 
be  some  coercive  force  analogous  to  friction,  which  urtsls 
the  particles  of  both  fluids,  so  as  firet  to  oppose  tUeic  w- 
paration,  and  then  to  prevent  their  re-union.  In  soft  iton 
the  coercive  force  is  either  wanting  or  extremely  feeble, 
since  the  iron  is  easily  rendered  magnetic  by  inducuM. 
and  as  easily  loses  its  magnetism  ;  whereas  in  steel  the 
coercive  force  is  extremely  energetic,  because  it  prevtott 
the  steel  frotn  acquiring  the  magnetic  properties  rapiiily, 
and  entirely  hinders  it  from  losing  them  when  acquired. 
The  feebleness  of  the  coercive  force  in  iron,  and  its  tnaff 
in  steel,  with  regard  to  the  magnetic  fluids,  is  perfectly 
analogous  to  the  facihty  of  transmission  afforded  to  tbt 
electric  fluid  by  n  on -electrics,  and  the  resistance  it  ei- 
periences  in  electrics.  At  every  step  the  analogy  belwceo 
magnetism  and  elpctricity  becomes  more  striking.  Thf 
agency  of  attraction  and  repulsion  is  common  to  both;  the 
positive  and  negative  electricities  are  similar  to  the  northen 
and  southern  polarltiee,  and  are  governed  by  the  same  U«i. 
namely,  that  between  like  powers  there  is  repulsion,  vA 
between  unlike  powers  there  is  attraction.  £ach  of  thee 
four  forces  is  capable  of  acting  most  energetically  wba 
alone;  but  as  the  electric  equilibrium  is  restored  by  the 
union  of  the  two  electricities,  and  magnetic  neutrality  bj 
the  combination  of  the  two  polarities,  they  respectivdj 
neutralise  each  other  when  joined.  All  these  forces  tit] 
inversely  as  the  squares  of  the  distances,  and  consequenllj 
come  under  the  same  mechanical  laws.  A  like  analc^ 
extends  to  magnetic  and  electrical  induction.  Iron  tM 
steel  are  in  a  stale  of  equilibrium  when  the  two  magnetic 
polarities  conceived  to  reside  in  them  are  equally  diffiued 
throvghoQt  the  whole  mass,  so  that  they  are  aliogetber 
neutral.     But  this  equilibriura  is  immediately  disturbed  n 
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approach  of  the  pole  of  a  magnet^  which  hy  mduction 
sfers  one  kind  of  polarity  to  one  end  of  the  iron  or 
.  har^  and  the  opposite  kind  to  the  other^  —  effects 
:tly  similar  to  electrical  induction.  There  is  even  a 
espondence  hetween  the  fracture  of  a  magnet  and  that 
n  electric  conductor ;  for  if  an  oblong  conductor  be 
srified  by  induction^  its  two  extremities  will  have  oppo- 
electricities ;  and  if  in  that  state  it  be  divided  across 
middle^  the  two  portions^  when  removed  to  a  distance 
1  one  another^  will  each  retain  the  electricity  that  has 
1  induced  upon  it.  The  analogy^  however^  does  not 
tnd  to  transference.  A  body  may  transfer  a  redundant 
Qtity  of  positive  or  negative  electricity  to  another,  the 
gaining  at  the  expense  of  the  other ;  but  there  is  no 
ance  of  a  body  possessing  only  one  kind  of  polarity, 
th  this  exception^  there  is  such  perfect  correspondence 
veen  the  theories  of  magnetic  attractions  and  repulsions 
electric  forces  in  conducting  bodies^  that  they  not  only 
the  same  in  principle^  but  are  determined  by  the  same 
Qulae.  Experiment  concurs  with  theory  in  proving  the 
itity  of  these  two  unseen  influences. 
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The  disturbing  eflecta  of  the  aurora  borealis  and  ligbuing 
on  die  mariner's  compass  had  been  long  known.  In 
the  year  1819,  M-  Oersted,  Professor  of  Natural  Phito- 
Kophy  at  Copenhagen,  discovered  that  a  current  of  volliif 
electricity  exerts  a  powerful  influence  on  s  ra»gneli«d 
needle.  This  observation  Las  given  rise  to  the  theoty  of 
electro-magnetism, — the  most  interesting  science  of  modao 
times,  whether  it  be  considered  as  leading  us  a  step  faitbtf 
in  generalisation,  by  identifying  two  agencies  biiheiU 
referred  U)  diSerent  causes,  or  as  developing  a  new  foKt, 
unparalleled  io  the  system  of  the  world,  which,  om- 
coming  the  retardation  from  friclion,  and  the  obetack  «f 
a  resisting  medium,  maintains  a  perpetual  motion,  often 
vainly  attempted,  but  apparently  imposaihle  to  be  aMom- 
plished  by  ideans  of  any  other  force  or  combination  of 
forces  than  the  one  in  question. 

When  the  two  poles  of  a  voltaic  battery  are  connectri 
by  a  metallic  wire,  so  as  to  complete  a  circuit,  the  elec- 
tricity flows  without  ceasing.  If  a  straight  portion  of 
that  wire  be  placed  parallel  to,  and  horiiontally  abort  a 
magnetised  needle  at  rest  in  the  magnetic  meridian,  bat 
freely  poised  like  the  mariner's  compau,  the  action  of  lb* 
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electric  current  flowing  throagh  the  wire^  will  instantly 
canse  the  needle  to  change  its  position.  Its  extremity 
will  deviate  from  the  north  towards  the  east  or  west,  ac- 
cording to  the  direction  in  which  the  current  is  flowing  ; 
and  on  reversing  the  direction  of  the  current^  the  motion 
of  the  needle  will  he  reversed  also.  The  numerous  ex. 
periments  that  have  heen  made  on  the  magnetic  and  elec« 
trie  fluids^  as  well  as  those  on  the  various  relative  motions 
of  a  magnetic  needle  under  the  influence  of  galvanic  elec- 
tricity^ arising  from  all  possihle  positions  of  the  conducting 
wire,  and  every  direction  of  the  voltaic  current,  together 
with  all  the  other  phenomena  of  electro-magnetism,  are 
explained  hy  Dr.  Roget  in  some  excellent  articles  on  these 
subjects  in  the  Lihrary  of  Useful  Knowledge. 

All  the  experiments  tend  to  prove  that  the  force  ema- 
nating from  the  electric  current,  which  produces  such 
efibcts  on  the  magnetic  needle,  acts  at  right  angles  to  the 
current,  and  is  therefore  unlike  any  force  hitherto  known. 
The  action  of  all  the  forces  in  nature  is  directed  in  straight 
lines,  as  far  as  we  know  ;  for  the  curves  described  by  the 
heavenly  bodies  result  from  the  composition  of  two  forces ; 
whereas  that  which  is  exerted  by  an  electrical  current  upon 
either  pole  of  a  magnet  has  no  tendency  to  cause  the  pole  to 
approach  or  recede,  but  to  rotate  about  it.  If  the  stream  of 
electricity  be  supposed  to  pass  through  the  centre  of  a  circle 
whose  plane  is  perpendicular  to  the  current,  the  direction 
of  the  force  exerted  by  the  electricity  will  always  be  in 
the  tangent  to  the  circle,  or  at  right  angles  to  its  radius.  ^ 
Consequently  the  tangential  force  of  the  electricity  has  a 
tendency  to  make  the  pole  of  a  magnet  move  in  a  circle 
round  the  wire  of  the  battery.  Mr.  Barlow  has  proved 
that  the  action  of  each  particle  of  the  electric  fluid  in  the 
wire,  on  each  particle  of  the  magnetic  fluid  in  the  needle, 
varies  inversely  as  the  squares  of  the  distances. 

1  Note  217. 


S48  ROTATION    Br    KLBOTBICrrr. 

Rotatory  motioa  was  suggested  by  Dr.  Wollaston.  Di. 
Faraday  was  the  first  who  actually  succeeded  in  maldi^ 
the  pole  of  a  magnet  rotate  about  a  vertical  conducting 
wire.  In  order  to  limit  the  action  of  the  electrinty  ID 
one  pole,  about  two  thirds  of  a  small  magnet  wm  im- 
mersed in  mercury,  the  lower  end  being  fastened  by  i 
thread  to  the  holtora  of  the  vessel  containing  the  mercury. 
When  the  magnet  was  thus  floating  almost  vctliaUj 
with  its  north  jioie  above  the  surface,  a  current  of  pcnitiie 
electricity  was  made  to  descend  perpendicularly  thiou^  i 
wire  touching  tlie  mercury,  and  immediately  the  msgMt 
began  to  rotate  from  left  to  right  about  the  wire.  Vx 
force  being  uniform,  the  rotation  was  accelerated  till  ihc 
tangential  force  was  balanced  by  the  resistance  of  lie  mer- 
cury, when  it  became  constant.  Under  the  same  tirtiun- 
stances  the  south  pole  of  the  magnet  rotates  from  ri^  u 
leA.  It  ia  evident  from  this  experiment,  that  the  viK 
may  also  be  made  (o  pi^rfnrm  a  rotation  round  the  m^r.e^ 
since  the  action  of  the  current  of  electricity  on  tbe  pole 
of  the  mi^et  must  necessarily  be  accompanied  bj  • 
corresponding  re-action  of  the  pole  of  the  magnet  od  ibe 
electricity  in  the  wire.  This  experiment  has  been  iccoo- 
plished  by  a  vast  number  of  contrivances,  and  even  i  uuD 
battery,  consisting  of  two  plates,  has  performed  the  roll- 
tion.  I>r.  Faraday  produced  both  motions  at  the  uae 
time  in  a  vessel  containing  mercury  ;  the  wire  and  tlM 
magnet  revolved  in  one  direction  about  a  common  cenR 
of  motion,  each  following  the  other. 

The  next  step  was  to  make  a  magnet,  and  also  t  cf- 
linder,  revolve  about  their  own  axes,  which  they  do  wiib 
great  rapidity.  Mercury  has  been  made  to  rotate  hj 
means  of  voltaic  electricity,  and  Professor  Bitchie  lu« 
exhibited  in  the  Royal  Institution  the  singular  specucfe 
of  ihe  rotation  of  water  by  the  same  means,  while  the 
vessel  containing  it  remained  stationary.     The  wain  wv 
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hollow  double  cylinder  of  glass^  and  on  being  made 
conductor  of  electricity^  was  observed  to  revolve  in  a 
lar  vortex,  changing  its  direction  as  the  poles  of  the 
iry  were  alternately  reversed.  Professor  Ritchie 
d  that  all  the  different  conductors  hitherto  tried  by 
.  such  as  water^  charcoal^  &e.  give  the  same  electro- 
netic  results  when  transmitting  the  same  quantity  of 
licity^  and  that  they  deflect  the  magnetic  needle  in  an 
il  degree^  when  their  respective  axes  of  conduction  are 
le  same  distance  from  it  But  one  of  the  most  extra- 
nary  effects  of  the  new  force  is  exhibited  by  coiling  a 
ler  wire^  so  as  to  form  a  helix  or  corkscrew,  and 
lecting  the  extremities  of  the  wires  with  the  poles  of 
Ivanic  battery.  If  a  magnetised  steel  bar  or  needle^ 
laced  within  the  screw,  so  as  to  rest  upon  the  lower 
,  the  instant  a  current  of  electricity  is  sent  through 
wire  of  the  helix,  the  steel  bar  starts  up  by  the 
lence  of  this  invisible  power,  and  remains  suspended 
ie  air  in  opposition  to  the  force  of  gravitation.^  The 
xt  of  the  electro-magnetic  power  exerted  by  each  turn 
he  wire  is  to  urge  the  north  pole  of  the  magnet  in  one 
ction,  and  the  south  pole  in  the  other.  The  force 
i  exerted  is  multiplied  in  degree  and  increased  in 
!nt  by  each  repetition  of  the  turns  of  the  wire,  and  in 
;equence  of  these  opposing  forces  the  bar  remains 
>ended.  This  helix  has  all  the  properties  of  a  magnet 
le  the  electrical  current  is  flowing  through  it,  and  may 
substituted  for  one  in  almost  every  experiment.     It 

as  if  it  had  a  north  pole  at  one  extremity  and  a 
h  pole  at  the  other,  and  is  attracted  and  repelled  by 
poles  of  a  magnet  exactly  as  if  it  were  one  itself.  All 
e  results  depend  upon  the  course  of  the  electricity; 

is,  on  the  direction  of  the  turns  of  the  screw,  accord- 

1  Note  218. 
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iDg  as  it  h  from  right  to  left,  or  frora  left  to  right,  bnag 
contrary  in  the  two  cases. 

The  action  of  voltaic  electricity  on  a  magnet  is  not  onljr 
precisely  the  aame  with  the  action  of  two  magnets  on  out 
another,  but  its  influence  in  producing  temporary  mi|- 
Detism  in  iron  and  steel  is  also  the  aame  with  magnetic 
induction.  The  term  iniiuclion,  when  applied  Itt  electric 
currents,  expresses  the  power  which  these  e 
of  inducing  any  periicular  state  upon  matt 
mediate  neighbourhood,  otherwise  neutral  or  inditlennt 
For  esample,  the  connecting  wire  of  a  galvanic  bailwj 
holds  iron  filings  suspended  like  an  artificial  mignel,  h 
long  as  the  current  continues  to  flow  through  it;  sndlta 
most  powerful  temporary  magnets  that  have  erer  bn 
made  are  obtained  by  bending  a  thick  cylinder  of  nft  i" 
into  the  form  of  a  horseshoe,  and  suirouiidiiig  it  iriA 
coil  of  thick  copper  wire  covered  with  silk,  to  prevent  ma- 
muniratioii  between  ils  parts.  IVhen  this  wire  forms  p>n 
of  a  galvanic  circuit,  ihe  iron  becomes  so  highly  msgnKic. 
that  a  temporary  magnet  of  this  kind,  made  by  Profeon 
Henry,  of  the  Albany  Academy,  in  the  United  SUtth 
sustained  nearly  a  ton  weight.  The  iron  loses  its  migoelit 
power  the  instant  the  electricity  ceases  to  circulate,  t>i 
acquires  it  again  aa  instantaneously  when  the  cirniil  ■* 
renewed.  Temporary  magnets  have  been  made  by  Pb»- 
fessor  Moll  of  Utrecht,  upon  the  same  princi[ile,  capti'' 
of  supporting  SOO  pounds'  weight,  by  means  of  a  btlioT 
of  one  plate  less  than  half  an  inch  square,  consisting  of  tw» 
metals  soldered  t^^eiher.  It  is  truly  wonderful  llu< 
an  agent,  evolved  by  so  small  an  instrument,  and  difliued 
through  a  lai^  mass  of  iron,  should  comcnunicate  a  fore 
which  seems  so  disproportionate.  Steel  needles  are  rendeitd 
permanently  magnetic  by  electrical  induction  ,-  the  eflecl  ii 
produced  in  a  moment,  and  as  readily  by  juxtaposition  h 
by  contact ;   the  nature  of  the  poles  dependa  npoo  (be 
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direction  of  the  current^  and  the  intensity  is  proportional 
to  the  quantity  of  electricity. 

It  appears^  that  the  principle  and]  characteristic  pheno^ 
mena  of  the  electro-magnetic  science  are,  the  evolution  of 
a  tangential  and  rotatory  force  exerted  between  a  con- 
ducting body  and  a'  magnet ;  and  the  transverse  induction 
of  magnetism  by  the  conducting  body  in  such  substances 
as  are  susceptible  of  it. 

The  action  of  an  electric  current  causes  a  deviation  of 
the  compass  from  the  plane  of  the  magnetic  meridian.  In 
proportion  as  the  needle  recedes  from  the  meridian,  the 
intensity  of  the  force  of  terrestrial  magnetism  increases^ 
while  at  the  same  time  the  electro-magnetic  force  dimi- 
nishes ;  the  number  of  degrees  at  which  the  needle  stops, 
showing  where  the  equilibrium  between  these  two  forces 
.takes  place,  will  indicate  the  intensity  of  the  galvanic 
current.  The  galvanometer^  constructed  upon  this  prin- 
ciple, is  employed  to  measure  the  intensity  of  galvanic 
jdurrents  collected  and  conveyed  to  it  by  wires.  This  in- 
strument is  rendered  much  more  sensible  by  neutralising 
the  e£fects  of  the  earth's  magnetism  on  the  needle,  which 
js  accomplished  by  placing  a  second  magnetised  needle  so 
as  to  counteract  the  action  of  the  earth  on  the  first, — a  pre- 
caution requisite  in  all  delicate  magnetical  experiments. 
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The  science  of  electro- magnetism,  which  must  Tenia 
the  name  of  M.  Oersted  ever  niemorBble,  relutet  to 
reciprocal  action  of  electrical  and  magnetic  currenU; 
Ampere,  bj  discovering  the  mutual  action  of  electriat 
currents  on  one  another,  has  added  a  new  bnnd 
the  subject:,  to  which  he  h&s  given  the  name  of  dettn> 
dynamic. 

When  electric  currents  are  passing  through  two  con- 
ducting wires,  so  suspended  or  supported  as  to  be  cip«Ue 
of  moving  both  towards  and  from  one  another,  they  abo* 
mutual  attraction  or  repulsion,  according  as  the  curron 
are  flowing  in  the  same  or  in  contrary  directions ;  the  pbe- 
nomena  varying  with  the  relative  inchnations  and  potiOMU 
of  the  streams  of  electricity.  The  mutual  action  of  toA 
currents,  whether  they  flow  in  the  same  or  in  contmT 
directions,  whether  they  be  parallel,  perpendicular,  dimg* 
ing,  converging,  circular,  or  heliacal,  all  produce  diflerenl 
kinds  of  motion  in  a  conducting  wire,  both  rectihneil  ini 
circular,  and  also  the  rotation  of  a  wire  helix,  sucb  u  tlut 
described,  now  called  an  electro-dynamic  cylinder  on  ac- 
count of  some  improvements  in  its  construction.'  And  » 
tht  hypothesis  of  a  force  varying  inversely  as  the  squweirf 
the  distances  accords  perfectly  ivlth  all  the  observed  phow- 
1  Ndtc  1113. 
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these  motions  come  under  the  same  laws  of  dynamics 
lalysis  as  any  other  branch  of  physics, 
ctro -dynamic  cylinders  act  on  each  oth^r  precisely  as 
ly  were  magnets  during  the  time  the  electricity  is 
g  through  them.  All  the  experiments  that  can  be 
med  with  the  cylinder  might  be  accomplished  with  a 
!t.  That  end  of  the  cylinder  in  which  the  current  of 
'e  electricity  is  moving  in  a  direction  similar  to  the 
1  of  the  hands  of  a  watch,  acts  as  the  south  pole  of  a 
it^  and  the  other  end,  in  which  the  current  is  flowing 
Mitrary  direction,  exhibits  northern  polarity. 
i  phenomena  mark  a  very  decided  difference  between 
;tioi^  of  electricity  in  motion  or  at  rest,  that  is,  be- 
Voltaic  and  common  electricity;  the  laws  they  follow 
1  many  respects,  of  an  entirely  different  nature, 
li  ^e  electricities  themselves  are  identical.  Since 
c  electricity  flows  perpetually,  it  cannot  be  accumu. 
and  consequently  has  no  tension,  or  tendency  to 
t  from  the  wires  which  conduct  it.  Nor  do  diese 
either  attract  or  repel  light  bodies  in  their  vicinity, 
as  ordinary  electricity  can  be  accumulated  in  insu- 
Dodies  to  a  great  degree,  and  in  that  state  of  rest  the 
icy  to  escape  is  proportional  to  the  quantity  accumu- 
and  the  resistance  it  meets  with.  In  ordinary  elec- 
,  the  law  of  action  is,  that  dissimilar  electricities 
;  and  similar  electricities  repel  one  another.  In 
c  electricity  on  the  contrary,  similar  currents,  or 
as  are  moving  in  the  same  direction,  attract  one 
T,  while  a  mutual  repulsion  is  exerted  between  dis- 
r  currents,  or  such  as  flow  in  opposite  directions, 
ion  electricity  escapes  when  the  pressure  of  the  atmo- 
t  is  removed,  but  the  electro-dynamical  effects  are  the 
ivhether  the  conductors  be  in  air  or  in  vacuo, 
tiough  the  effects  produced  by  a  current  of  electricity 
1  upon  the  celerity  of  its  motion,  the  velocity  widi 
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which  it  movea  through  a  conducting  wire  is  onkni 
We  are  equally  ignorant  wiiether  the  motion  be  anil 
or  vuieil,  but  the  method  of  transmisaion  has  a  m> 
influence  on  the  results  ;  for  when  it  flows  wiihoul 
it  occasions  a  deviation  in  the  magnetic  ae 
no  eftect  whatever  when  its  moiion  i« 
or  interru[i[eil,  like  the  current  produce" 
1  electrical  machine  when  a  conimuDiutic 
made  betweea  the  positive  and  negatire  con  due  [on. 

M.Ampere  has  established  a  theory  of  electro-migne 
suggested  by  the  analogy  between  electro-dynamic  cylii 
and  magnets,  founded  upon  the  reciprocal  allracdM 
electric  currents,  to  which  aii  the  phenomena  of  magne 
and  electro- magnetism  may  be  reduced,  by  assuming 
the  magnetic  properties  which  bodies  possess,  derive  I 
properties  from  currents  of  electricity  circulating  a 
every  part  in  one  uniform  direction.  Although  e 
particle  of  a  magnet  possesses  like  properties  with 
whole,  yet  the  general  effect  is  the  same  as  if  the  ntgi 
properties  were  confined  to  the  surface.  Consequenllj 
interna!  electro- currents  must  compensate  one  another, 
therefore  the  magnetism  of  a  body  is  supposed  to  i 
from  a  euperficial  current  of  electricity  constantly  d 
lating  in  a  direction  perpendicular  to  the  axis  of 
magnet ;  so  that  the  reciprocal  action  of  magnets,  ani 
the  phenomena  of  electro -magnetism,  are  reduced  to 
action  and  re-action  of  superfida]  currents  of  eleccti 
acting  at  right  angles  to  their  direction.  NotiviihstiiKl 
the  experiments  made  by  M.  Ampere  to  elucidate 
subject,  there  is  still  an  uncertainly  in  the  theory  of 
induction  of  magnetism  by  an  electric  current  in  a  bi 
near  it.  It  does  not  appear  wbeiher  electric  cum 
which  did  not  previously  exist  are  actually  produced 
indoctiou,  or  \i  iu  e^Lsc:^  be  anly  to  give  one  aoifo 
direction  to  tlie  inSni^fi  n-Mrfnev  o^  dweiivt  i:«n«sx^ 
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▼ioosly  existing  in  the  particles  of  the  hody/  and  thus 
rendering  them  capable  of  exhibiting  magnetic  phenomena^ 
in  the  same  manner  as  polarisation  reduces  those  undu- 
lations of  light  to  one  plane^  which  had  previously  been 
performed  in  every  plane.  Possibly  both  may  be  combined 
in  producing  the  effect ;  for  the  action  of  an  electric  cur- 
tent  may  not  only  give  a  common  direction  to  those  abready 
existing^  but  may  also  increase  their  intensity.  However 
that  may  be^  by  assuming  that  the  attraction  and  repulsion 
of  the  elementary  portions  of  electric  currents  vary  in- 
versdy  as  the  squares  of  the  distances^  the  action  being  at 
light  angles  to  the  direction  of  the  current^  it  is  found 
that  the  attraction  and  repulsion  of  a  current  of  indefinite 
length  on  the  elementary  portion  of  a  parallel  current  at 
any  distance  from  it^  is  in  the  simple  ratio  of  the  shortest 
distance  between  them.  Consequently  the  reciprocal  action 
of  electric  currents  is  reduced  to  the  composition  and 
resolution  of  forces^  so  that  the  phenomena  of  electro- 
magnetism  are  brought  under  the  laws  of  dynamics  by  the 
theory  of  M,  Ampere.    . 


A  A    2 


'-FI.EOTatOTf. 


SECTION  XXXII. 


FnoH  the  law  of  action  and  Te-action  being-  eqaa)  mi  ron- 
trar/,  it  might  be  expected  that,  as  electricity  powerfuSi 
affeclB  magnets,  so  conversely,  magnetiam  ought  to  pto- 
iluce  electrical  phenomena.  By  proving  this  TetJ  im- 
portant fact  from  the  foUnving  series  of  interesiing  ud 
ingenious  experiments.  Dr.  Faratlay  has  added  anoilKf 
branch  to  the  science,  which  lie  hss  named  mapiKo- 
electricity.  A  great  quantity  of  copper  wire  wsi  coiied  id 
the  form  of  a  hehs  round  one  half  of  a  ring  of  soft  iron, 
and  connected  with  a  galvanic  battery,  while  a  ajniilai 
helix  connected  with  a  galvanometer  was  wound  round  da 
other  half  of  the  ring,  but  not  touching  the  firtt  hdii 
As  soon  as  contact  was  made  with  the  battery,  the  nwtilr 
of  the  galvanometer  was  deflected.  But  the  action  wn 
transitory;  for  when  the  contact  was  continued,  the  tKtdk 
returned  to  its  usual  position,  and  was  not  affected  by  ik 
continual  flow  of  the  electricity  through  the  wire  comwcwl 
with  the  battery.  As  aoon  however  as  the  contact  ww 
broken,  the  needle  of  the  galvanometer  was  again  deflected, 
hut  in  the  contrary  direction.  Similar  effect*  were  pro- 
duced by  an  apparatus  consisting  of  two  helices  of  cop[«T 
wire  coiled  round  a  block  of  wood,  instead  of  iron,  fnm 
which  Dr.  Faraday  infers  that  the  electric  current  puanf 
from  the  baltei^  iiffi)\i%\v  one  wire,  induces  a  similar  iW- 
rent  through  the  oft«i  w\xt,  >s«.  wJ-t  »x  <CA'm«Mis,<if 
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contact^  and  that  a  momentary '  current  is  induced  in  a 
contrary  direction  when  the  passage  of  the  electricity  is 
suddenly  interrupted.  These  brief  currents  or  waves  of 
electricity  were  found  to  be  capable  of  magnetising  needles, 
of  passing  through  a  small  extent  of  fluid,  and  when  char- 
coal points  were  interposed  in  the  current  of  the  induced 
helix^  a  minute  spark  was  perceived  as  often  as  the  con^* 
tacts  were  made  or  broken,  but  neither  chemical  action 
nor  any  other  electric  effects  were  obtained.  A  deviation 
of  the  needle  of  the  galvanometer  took  place  when  common 
magnets  were  employed  instead  of  the  Voltaic  current ;  so 
that  the  magnetic  and  electric  fluids  are  identical  in  their 
effiscts  in  this  experiment.  Again,  when  a  helix  formed 
•f  220  feet  of  copper  wire^  into  which  a  cylinder  of  soft 
iron  was  introduced,  was  placed  between  the  north  and 
•outh  poles  of  two  bar  magnets,  and  connected  with  the 
galvanometer  by  means  of  wires  from  each  extremity,  as 
often  as  the  magnets  were  brought  into  contact  with  the 
iron  cylinder,  it  became  magnetic  by  induction,  and  pro- 
duced a  deflection  in  the  needle  of  die  galvanometer. 
On  continuing  the  contact,  the  needle  resumed  its  natural 
poBitioD,  and  when  the  contact  was  brdien,  deflection  took 
place  in  die  opposite  direction ;  when  the  magnetic  con- 
tacts were  reversed,  the  deflection  was  reversed  also.  With 
strong  magnets,  so  powerful  was  the  action,  that  the  needle 
of  the  galvanometer  whirled  round  several  times  succes- 
sively; and  similar  effects  were  produced  by  the  mere 
approximation  or  removal  of  die  hdix  to  the  poles  of  the 
magnets.  Thus  it  was  proved  that  magnets  produce  the 
very  same  efibcts  on  the  galvanometer  that  electricity 
does.  Though  at  that  time  no  diemical  decomposition  was 
efiected  by  these  momentary  currents  which  emanate  from 
the  magnets,  they  agitated  the  limbs  of  a  frog ;  and  Dr. 
Faraday  justly  observes,  that  "  an  agent  wlv\c\\.  \&  ^icscv- 
ducted  ahng  metallic  wires  in  the  mannei  ^«t;r^)ie^,^V\^> 
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whilst  to  passing,  poBseaiea  the  peculiar  magnelic  Mdmu 
and  force  of  a  cuirent  of  electricity,  which  can  agitate  and 
whituIbc  tho  limbs  of  a  frog,  and  which  finally  can  proilnce 
■  spitrk  by  its  discharge  through  charcoal,  can  only  be 
electricity."  Hence  it  appears  that  electrical  cunenw  ire 
evolved  by  magnets,  which  produce  the  same  phenoiwc* 
with  the  electrical  currents  from  the  Voltaic  battery:  thry 
however  differ  materially  in  this  reepect  —  that  time  ii 
required  for  the  exercise  of  the  magiieti  co-electric  inilH- 
tion,  whereas  volla-electric  induction  is  instantAneouB. 

After  Dr.  Faraday  had  proved  the  identity  of  the  ffltg- 
netic  and  electric  fluids  by  producing  the  spark,  healing 
metalhc  wires,  and  accomphshiog  chemical  decompoatioa, 
it  was  easy  to  increase  these  effects  by  more  powerfal 
magnets  and  other  arrangements.  The  apparatus  now  in 
use  is  in  effect  a  battery,  where  the  agent  is  the  magnHit. 
instead  of  the  Voltaic  fluid,  or  in  other  words,  electnnlj> 
and  is  thus  constructed. 

A  very  powerful  horse-shoe  magnet,  formed  of  twdw 
steel  plates  in  close  approximation,  ia  placed  in  B  bon- 
zontal  position.  An  armature,  consisting  of  a  bu  of  ^ 
purest  soft  iron,  has  each  of  its  ends  bent  U  right  U^Hi 
so  that  the  faces  of  those  ends  may  be  brought  iindif 
oppositeandclose  to  thepolesof  the  magnet  when  reqniitd- 
Ten  copper  wires  —  covered  with  silfc,  in  order  to  iniokK 
them  —  are  wound  round  one  half  of  the  bar  of  Mfl  ine. 
as  a  compound  helix  :  leu  other  wires,  also  insulated,  ik 
wound  round  the  other  half  of  the  bar.  The  extremitia 
of  the  first  set  of  wires  are  in  metallic  connection  with  a 
circular  disc,  which  dips  into  a  cup  of  mercury,  while  ik 
ends  of  the  other  ten  wires  in  the  opposite  directioD  uc 
soldered  to  a  projecting  screw-piece,  which  carries  a  iBp 
of  copper  with  two  opposite  points.  The  steel  magoM  ii 
statiooBTy  ;  Wt  -wWti  t.V  vnauture,  together  with  M 
appendages,  ia  maAe  W  tiAMft  "(ctfonfiL-i,'^!*  ^^  <&4^ 
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disc  always  remains  immersed  in  the  mercury^  while  the 
points  of  the  copper  slip  alternately  dip  in  it  and  rise 
above  it.  By  the  ordinary  laws  of  induction^  the  arma- 
ture becomes  a  temporary  magnet  while  its  bent  ends  are 
opposite  the  poles  of  the  steel  magnet,  and  ceases  to  be 
magnetic  when  they  are  at  right  angles  to  them.  It  im- 
parts its  temporary  magnetism  to  the  helices  which  oon« 
centrate  it ;  and  while  one  set  conveys  a  current  to  the 
dhCy  the  other  set  conducts  the  opposite  current  to  the 
copper  slip.  As  the  edge  of  the  revolving  disc  is  always 
immersed  in  the  mercury^  one  set  of  wires  is  constantly 
maintained  in  contact  with  it^  and  the  circuit  is  only 
eompleted  when  a  point  of  the  copper  slip  dips  in  the 
mercury  also ;  but  the  circuit  is  broken  the  moment  that 
point  rises  above  it.  Thus^  by  the  rotation  of  the  arma- 
ture, the  circuit  is  alternately  broken  and  renewed ;  and  as 
it  is  only  at  these  moments  that  electric  action  is  mani- 
fested^ a  brilliant  spark  takes  place  every  time  the  copper 
point  leaves  the  surface  of  the  mercury.  Platina  wire  is 
ignited^  shocks  smart  enough  to  be  disagreeable  are  given^ 
and  water  is  decomposed  with  astonishing  rapidity  by  the 
fuane  means  ;  which  proves  beyond  a  doubt  the  identity  of 
the  magnetic  and  electric  i^encies^  and  places  Dr.  Faraday^ 
whose  experiments  established  the  principle^  in  the  first 
rank  of  experimental  philosophers. 
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a.  Abaqo  diacDTered  in  entirely  new  source  of  maEneCiim 
in  rotatory  motion.  If  a.  circular  ptnte  of  copper  be  mid* 
to  revolve  immediate];  above  or  below  a  maguetic  Dwdk 
or  magiiet]  Buapendeil  in  sucli  a  manner  that  tbe  mieael 
miiy  rotate  iu  a  plane  parallel  to  that  of  the  cupper  plUb 
the  magnet  tends  to  follow  the  eircutn volution  of  llw 
plate  ;  or  if  the  mi^net  revolves,  the  plale  tends  to  follow 
its  motion ;  so  powerful  is  the  effect,  tlist  magnets  ud 
plates  of  many  pounds'  weight  have  been  carried  rooad. 
This  is  quite  independent  of  the  raotioQ  of  the  sir,  liiw 
it  is  the  same  when  a  pane  of  glass  is  interposed  betnen 
the  magnet  and  the  copper.  When  the  magnet  and  ike 
plate  are  at  rest,  not  the  smallest  effect,  attractive,  itpll- 
sive,  or  of  any  kind,  can  be  perceived  between  them.  !■ 
describing  this  phenomenon,  M.  Arago  states  that  it 
takes  place  not  only  with  metals,  but  with  all  stibstaocci. 
solids,  liquids,  and  even  gases,  although  the  intcuBtr 
depends  upon  the  kind  of  substance  in  motion.  Expoi- 
ments  made  by  Dr.  Faraday  explain  this  singular  actiail- 
A  plate  of  copper,  twelve  inches  in  diameter  and  one  flflb 
of  an  inch  thick,  was  placed  between  the  poles  of » 
powerful  horse-shoe  magnet,  and  connected  at  cortiiB 
points  with  a  galvanometer  by  copper  wires.  M'hoi  tbc 
plate  was  at  rest  no  eS«cx.  -visa  Yt'^'^'^"^i  ^^  u  mm  0 
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the  plate  was  made  to  revolve  rapidly,  the  galvanometer 
qeedle  vtras  deflected  sometimes  as  much  as  90°,  and,  by  a 
uniform  rotation,  the  deflection  was  constantly  maintained 
at  4t5°,  When  the  motion  of  the  copper  plate  was  r^ 
versed,  the  needle  was  deflected  in  the  contrary  direction, 
and  thus  a  permanent  current  of  electricity  was  evolved 
by  an  ordinary  magnet.  The  intensity  of  the  electricity 
collected  by  the  wires,  and  conveyed  by  them  to  the  galva-* 
nometer,  varied  with  the  position  of  the  plate  relatively  to 
the  poles  of  the  magnet. 

The  motion  of  the  electricity  in  the  copper  plate  may 
be  conceived  by  considering,  that  merely  by  moving  a 
aingle  wiie  like  the  spoke  of  a  wheel  before  a  magnetic 
pole,  a  current  of  electricity  tends  to  flow  through  it  from 
one  end  to  the  other.  Hence,  if  a  wheel  be  constructed 
of  a  great  many  such  spokes,  and  revolved  near  the  pole 
of  a  magnet  in  the  manner  of  the  copper  disc,  each  radius 
or  spoke  will  tend  to  have  a  current  produced  in  it  as  it 
passes  the  pole.  Now,  as  the  circular  plate  is  nothing 
more  than  an  inflnite  number  of  radii  or  spokes  in  con* 
tact,  the  currents  will  flow  in'  the  direction  of  the  radii  if 
a  dl^annel  be  open  for  their  return,  and  in  a  continuous 
plate  that  channel  is  afforded  by  the  lateral  portions  on 
each  side  of  the  particular  radius  close  to  the  magnetic 
pde.  This  hypothesis  is  confirmed  by  observation,  for 
the  currents  of  positive  electricity  set  from  the  centre  to 
the  circumference,  and  the  negative  from  the  drcum^ 
ference  to  the  centre,  and  vice  versd,  according  to  the 
position  of  the  magnetic  poles  and  the  direction  of  ro. 
tation.  So  that  a  collecting  wire  at  the  centre  of  the 
copper  plate  conveys  positive  electricity  to  the  galvano- 
meter in  one  case,  and  negative  in  another ;  that  collected 
by  a  conducting  wire  in  contact  with  the  circumference  of 
the  plate  is  always  the  opposite  of  the  electricity  conveyed 
from  the  centre.     It  is  evident  that  NvYveiv  V)Ki<&  ^\^\ft  %!c^^ 
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magnet  are  both  at  rest^  no  effect  lakes  p1ai;e,  uaix  (he 
electric  currents  wliicli  cause  the  deflection  of  the  gilisno- 
meter  cease  altogether.  The  same  plienomena  maj  be  pro- 
duced by  electro-magnetB,  The  effects  are  similar  when 
the  magnet  rolales  and  the  plate  remains  at  rest.  Vfbea 
the  magnet  revolves  uniformly,  about  its  own  ssis,  dec- 
tricity  of  the  same  kind  is  collected  at  its  poles,  and  the 
opposite  electricity  at  its  equator. 

The  phenomena  which  take  place  in  M.  Arago'i  ei- 
peiiments  may  he  explained  on  this  principle.  Whni 
both  the  copper  plate  and  the  magnet  are  rcTolving,  iIk 
action  of  the  induced  electric  current  tends  conUniaDi 
to  diminish  their  relative  motion,  and  to  bring  the  monng 
bodies  into  a  stale  of  relative  rest  ;  eo  that  if  one  be  mftc 
to  revolve  by  an  extraneous  force,  the  other  will  t*ii(l  lo 
involve  about  it  in  the  same  direction,  and  with  the  mat 
velocity. 

When  a  plate  of  iron,  or  of  any  substance  ca]nWe  of 
being  made  either  a  temporary  or  permanent  migiKti 
revolves  between  the  poles  of  a  magnet,  it  is  found  ihil 
dissimilar  poles  on  opposite  sides  of  the  plate  neutnte 
each  other's  efftcts,  so  that  no  electricity  is  evolTed; 
while  similar  poles  on  each  side  of  the  revolving  plM 
increase  the  quantity  of  electricity,  and  a  single  pek 
end-on  is  sufficient.  But  when  copper,  and  subataoM 
not  sensible  to  ordinary  magnetic  impressions,  revolWi 
similar  poles  on  opposite  sides  of  the  plat«  nautraJise  tiA 
other ;  dissimilar  poles  on  each  side  exalt  the  action ;  ai 
a  single  pole  at  the  edge  of  the  revolving  plate,  or  end-flu, 
does  nothing.  This  forma  a  test  for  distinguishing  if 
ordinary  magnetic  force  from  that  produced  by  rotatiw. 
If  unlike  poles,  that  is,  a  north  and  a  south  pole,  prodnv 
more  effect  than  one  pole,  the  force  will  be  due  to  elrctrit 
currents ;  if  similar  poles  produce  more  effect  than  <»ft 
then  the  ptmet  ia  tvol  e\e«Vivc.    "^Xmw  '\'m«tf.\^itiant  ibw 
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tiiat  there  are  really  very  few  bodies  magnetic  in  the 
manner,  of  iron.  Dr.  Faraday  therefore  arranges  sub- 
stances in  thr^  classes^  with  regard  to  their  relation  to 
magnets.  Those  affected  by  the  magnet  when  at  rest, 
like  iron^  steel,  and  nickel^  which  possess  ordinary  mag- 
netic properties  ;  those  affected  when  in  motion^  in  which 
electric  currents  are  evolved  by  the  inductive  force  of 
the  magnet^  such  as  copper ;  and^  lastly^  those  which  are 
perfectly  indifferent  to  the  magnet,  whether  at  rest  or  in 
motion. 

It  has  already  been  observed,  that  three  bodies  are  re- 
quisite to  form  a  galvanic  circuity  one  of  which  must  be 
fluid.  But  in  1822,  Professor  Seebeck,  of  Berlin,  dis* 
covered  that  electric  currents  may  be  produced  by  the 
partial  application  of  heat  to  a  circuit  formed  of  two 
solid  conductors.  For  example,  when  a  semicircle  of 
bismuth,  joined  to  a  semicircle  of  antimony,  so  as- to  form 
a  ring,  is  heated  at  one  of  the  junctions  by  a  lamp,  a 
current  of  electricity  flows  through  the  circuit  from  the 
antimony  to  the  bismuth,  and  such  thermo-electric  cur- 
rents produce  all  the  electro-magnetic  effects.  A  compass 
needle  placed  either  within  or  without  the  circuit,  and  at  a 
small  distance  from  it,  is  deflected  from  its  natural  posi- 
tion, in  a  direction  corre8X>onding  to  the  way  in  which  the 
dectridty  is  flowing.  If  such  a  ring  be  suspended  so  as 
to  move  easily  in  any  direction,  it  will  obey  the  action  of 
a  magnet  brought  near  it,  and  may  even  be  made  to 
revolve.  According  to  the  researches  of  M.  Seebeck,  the 
same  substance,  unequally  heated,  exhibits  electrical  cur- 
rents ;  and  M.  Nobili  observed,  that  in  all  metals,  except 
zinc,  iron,  and  antimony,  the  electricity  flows  from  the  hot 
part  towards  that  which  is  cold.  That  philosopher  attri- 
butes terrestrial  magnetism  to  a  difference  in  the  action  of 
heat  on  the  various  substances  of  which  the  crust  of  tb^ 
earth  is  composed;  and  in  conflnnatioiioi\ii%N\K<9i%V^V^& 


produced  eleclricsl  cunenU  bj  the  conUct  of  two  pieces  of 
moist  clay,  of  which  one  was  hotter  than  tlie  other, 

M.  Becquerel  cotiEtructed  a  thermo 'electric  bailer^  of 
one  kimi  of  metal,  by  which  he  has  delerminei!  the  re- 
lation between  the  heat  employed  and  the  intensllv  of  ihe 
reEulting  electricity.  He  found  tliat  in  moBt  melals  the 
intensity  of  the  current  increaEes  with  the  heat  to  aceiliin 
limit,  but  that  this  law  extends  much  farther  in  merab 
that  are  difficult  to  fuse,  and  which  do  not  rust.  The  ei- 
periments  of  Professor  Gumming  show  that  the  mutual 
action  of  a  magnet  and  a  thermo-electric  current  it  subjeci 
to  the  laroe  Uws  as  those  of  magneis  and  galvanic  cntrents, 
consequently  aJl  the  phenomena  of  repulsion,  atmctioD. 
and  rotation  may  be  exhibited  by  a  thermo-electric  cur- 
rent, M.  Botto,  of  Turin,  has  decomposed  water  mi 
vaae  Bohiijona  bj  thermo-dectricity ;  and  very  leeenily 
the  Cav.  Antinori  of  Florence  has  succeeded  in  ofalainlnit 
a  brilliant  spark  with  the  aid  of  an  civctro-dynamic  ci>il. 

The  principle  of  thermo-electricity  has  been  employed 
by  MM.  Nobili  and  Melloni  for  measuring  citreoMly 
minute  quantities  of  heat,  in  their  experiments  on  the  in- 
stantaneous transmission  of  radiant  caloric  The  tfaeniw- 
multiplier,  which  they  constructed  for  that  purpoie,  coi- 
»sts  of  a  series  of  alternate  bars,  or  rather  fine  wiieiaf 
bismuth  and  antimony,  placed  side  by  side,  and  the  ex- 
tremities alternately  soldered  together.  When  heat  ii 
applied  to  one  end  of  this  apparatus,  the  other  remiiniig 
St  its  natural  temperature,  currents  of  electricity  b' 
through  each  pair  of  bars,  which  are  conveyed  by  wiree  » 
a  delicate  galvanometer,  the  needle  of  which  poinli  oxt 
the  intensity  of  the  electricity  conveyed,  and  conaeqneoily 
that  of  ihe  heat  employed.  This  instrument  is  so  deHcste 
that  the  comparative  warmth  of  different  insects  bu  be*" 
ascertained  by  means  of  it. 
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SECTION  XXXIV, 

9Hk     ACTION     or     TSRREStftlAL    MACiNltTlSlC     UPON   XLKCTKIC   CUA- 

BXMTS. INDUCTION    OF    ELECTRIC    CURRENTS    BT    TERRESTRIAt 

MAQNETISM. THE      EARTH     MAGNETIC     BY     INDUCTION. MR* 

BARLOW*S    EXPERIMENT  OF   AN   ARTIFICIAL,  SPHERE. THE   HEAT 

OF  THE  SUN  THE  'PROBABLE  CAUSE  OF  ELECTRIC  CURRENTS  IN 
THE  CRUST  OF  THE  EARTH  AMD  OF  THE  VARIATIONS  IN  TERRES- 
TRIAL  MAGNETISM. TERRESTRIAL   MAGNETISM    POSSIBLY   OWINO 

TO  ROTATION. MAGNETIC  PROPERTIES  OF  THE  CELESTIAL  BODIES. 

IDENTITY   OF  THE    FIVE    KINDS  OF  ELECTRICITY.  —  CONNECTION 

BETWEEN  LIOHT>  HEAT,  AND  ELECTRIdTY  OR  MAGNETISM. 

In  all  the  experiments  hitherto  described^  artificial  mag- 
nets alone  were  used  ;  but  it  is  obvious  that  the  magnet- 
ism of  the  terrestrial  spheroid^  which  has  so  powerful  an 
influence  on  the  mariner's  compass,  must  also  affect  elec^ 
trical  currents.  It  consequently  appears  that  a  piece  of 
copper  wire  bent  into  a  rectangle^  and  free  to  revolve  on  a 
vertical  axis^  arranges  itself  with  its  plane  at  right  angles 
to  the  magnetic  meridian^  as  soon  as  a  stream  of  electri- 
city is  sent  through  it.  Under  the  same  circumstances  a 
similar  rectangle^  suspended  on  a  horizontal  axis  at  right 
angles  to  the  magnetic  meridian^  assumes  the  same  inclin- 
ation with  the  dipping  needle  ;  so  that  terrestrial  magnet- 
ism has  the  same  influence  on  electrical  currents  as  an 
artiflcial  magnet.  But  the  magnetic  action  of  the  earth 
also  induces  electric  currents.  When  a  hollow  helix  of 
copper  wire^  whose  extremities  are  connected  with  the 
galvanometer,  is  placed  in  the  magnetic  dip,  and  suddenly 
inverted  several  times,  accommodating  the  motion  to  the 
oscillations  of  the  needle,  the  latter  is  soon  made  to  vibrate 
through  an  arc  of  80°  or  90°.  Hence  it  \%  esSAetiX.^  ^%St 
whatever  may  be  the  cause  of  terrealt\«l  xa^^gcks^assft.,  ''n!^ 
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produces  carrenta  of  electricity  by  its  direct  indnctiTe 
power  upon  a  metal  not  capable  of  exhibiting  aiij  of  the 
ordinary  magnetic  properiiea.  The  action  on  the  galvino- 
meter  ia  much  greater  when  a  cylinder  of  soft  iron  i« 
inserted  into  the  helix,  and  the  same  results  foUov  the 
simple  introduction  of  the  iron  cylinder  into,  or  removd 
out  of,  the  helix.  These  eltecta  arise  from  the  iron  bdng 
made  a  temporary  magnet  by  the  inductive  action  of  ter- 
restrial raagnetiam  ;  for  a  piece  of  iron,  such  as  a  poker, 
becomes  a  magnet  for  the  time,  when  placed  in  the  line  of 
the  magnetic  dip. 

M.  Biot  has  formed  a  theory  of  terrestrial  magneCini 
upon  the  observations  of  IM.  de  Humboldt  as  data.  As- 
suming that  the  action  of  the  two  opposite  magnetic  poki 
of  the  earth  upon  any  point  is  inversely  as  the  squsKi  rf 
the  distances,  he  obtains  a  general  expression  for  ^e  diNC- 
tion  of  the  magnetic  needle,  depending  upon  the  Jistuct 
between  the  north  and  south  magnetic  poles  ;  so  thit  if 
one  of  these  quantities  varies,  the  corresponding  variatkn 
of  the  other  will  be  known.  By  making  the  diHuR 
Ijetween  the  poles  vary,  and  comparing  the  resnltiiig 
direction  of  the  needle  with  the  observations  of  M- 
de  Humboldt,  he  found  that  the  nearer  the  poles  are  top- 
posed  to  approach  to  one  another,  the  more  the  coinpatBl 
and  observed  results  agree ;  and  when  the  poles  XR 
assumed  to  coincide,  or  neatly  so,  the  difference  between 
theory  and  observation  is  the  least  possible.  It  is  evi- 
dent, therefore,  that  the  earth  does  not  act  as  if  it  w«e« 
permanently  magnetic  body,  the  distinguishing  chanctn- 
istic  of  which  is,  to  have  two  poles  at  a  distance  from  one 
another.  Mr.  Barlow  has  investigated  this  suljject  with 
much  skill  and  success.  He  first  proved  that  the  magnetic 
power  of  an  iron  sphere  resides  in  its  surface ;  he  th» 
inquired  ivhat  t\te  ^u^ei^cial  action  of  an  iron  sphere  in 
B   state  of  trauMent  wiigtiBtit  miiac&na.isi 
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needle^  would  be^  if  insulated  from  the  influence  of  ter- 
restrial magnetism.     The   results   obtained^   corroborated 
by  the  profound  analysis  of  M.  Poisson^  on  the  hypothesis 
of  the  two  poles  being  indefinitely  near  the  centre  of  the 
sphere^  are  identical  with  those  obtained  by  M.  Biot  for 
the  earth  from  M.  de  Humboldt*s  obsenrations.     Whence 
it  follows^  that  the  laws  of  terrestrial  magnetism  deduced 
from-  the  formulas  of  M.  Biot^  are  inconsistent  with  those 
which  .belong  to  a  permanent  magnet^  but  that  they  are 
perfectly  concordant  with  those  belonging  to  a  body  in  a 
state  of  transient  magnetic  induction.     The  earthy  there- 
fore^  is  to  be  considered  as  only  transiently  magnetic  by 
induction^  and  not  a  real  magnet.     Mr.  Barlow  has  ren- 
dered this  extremely  probable  by  forming  a  wooden  globe^ 
with  grooves  admitting  of  a  copper  wire  being  coiled  round 
it  parallel  to  the  equator  from  pole  to  pole.     When  a  cur- 
rent of  electricity  was  sent  through  the  wire,  a  magnetic 
needle  suspended  above  the  globe^  and  neutralised  from 
the  influence  of  the  earth's  magnetism^  exhibited  all  the 
phenomena  of  the  dipping  and  variation  needles^  according 
'  to  its  positions  with  regard  to  the  wooden  globe.     As  there 
can  be  no  doubt  that  the  same  phenomena  would  be  ex- 
hibited by  currents  of  thermo,  instead  of  Voltaic^  elec- 
tricity^ if  the  grooves  of  the  wooden  globe  were  fiUed  by 
rings  constituted  of  two  metals^  or  of  one  metal  unequally 
heated,  it  seems  highly  probable  that  the  heat  of  the  sun 
may  be  a  great  agent  in  developing  electric  currents  in 
or  near  the  surface  of  the  earthy  by  its  action  upon  the  sub- 
stances of  which  the  globe  is  composed^  and,  by  changes 
in  its  intensity,  may  occasion  the  diurnal  variation  of  the 
compass,  and  the  other  vicissitudes  in  terrestrial  magnetism 
evinced  by  the  disturbance  in  the  directions  of  the  mag- 
netic lines,  in  the  same  manner  as  it  influences  the  par- 
allelism of  the  isothermal  lines.     ThaX  «iOc\  c.\)Ltx^\^Ns^  ^ 
exist  in  metalliferouB  veins  appears  £rom  \\i^  eiL'^wsv^cwV^ 
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of  Mr.  Pox  in  the  Comiah  mines.     Even  siiice  the  lui 

edition  of  this  book  was  publiiihed,  Mr.  Fox  hu  obulenJ 
additional  proof  of  the  activity  of  elecCro-magDeEism  under 
the  earth's  surface.  He  liaa  shown  that  not  oeIj  tbc 
natiue  of  the  metalUferous  deposits  mnet  have  betn  decec- 
mined  by  their  relative  electrical  conditions,  but  thtt  the 
direction  of  the  metallic  veins  must  have  been  influencwl 
by  the  direction  of  the  magnetic  meridians ;  and  in  Gul 
almost  all  the  metallic  deposits  in  the  world  teod  from 
east  to  west,  or  from  north-east  to  south-west.  Thouj* 
it  h  impossible  to  say,  in  the  present'alate  of  onr  fcrraw- 
ledge,  how  far  the  sun  may  be  coocerned  in  the  pheDomeui 
of  terrestrial  magnetism,  it  is  probable,  that  the  bmoUt 
and  periodic  distarbances  in  the  magnetic  force  are  aeci- 
sioned  by  a  variety  of  other  combining  circuoiatsDcw. 
Among  these,  M.  Biot  mentions  the  vicinity  of  mouuni* 
chains  to  the  place  of  observation,  and  still  more  the  adjon 
of  extensive  volcanic  lires,  which  change  the  chemical  ittte 
of  the  terrestrial  surface,  they  themselves  varying  from  tp 
to  age,  some  becoming  extinct,  while  others  burst  iibi 
activity.  Should  the  ethereal  medium  which  fills  tfta 
be  the  same  with  the  electric  fluid,  as  M.  Mossotti  (ap- 
poses, may  not  the  heat  of  the  sun  rarefy  it  at  the  eutt'i 
equator,  and  thus  by  the  inequality  of  its  distribution,  and 
lis  superior  density  at  the  poleH,  occasion  some  of  the  mag' 
netic  phenomena  of  the  globe  ?  and  may  not  the  sw'< 
motion  in  dechnation  cause  temporary  variations  of  denvty 
in  the  fluid,  and  produce  periodic  changes  in  the  magiMtic 
equator  and  intensity  ?  Were  this  tlie  case,  all  the  ptanett 
would  be  magnets  like  the  earth,  being  precisely  in  simUir 


ir  probable,  that  terrestrial  magnetism  imy 
be  owing,  in  a  certain  extent,  to  the  earth's  rotation.  Dr. 
Faraday  has  proved  t\iai,  all  the  phenomena  of  revulviiig 
plates   may   be  ptoAucei  Vj  '^  \o4siKo.i*  «E!aiEs&  «*.  4*. 
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earth's  magnetism  alone.  If  a  copper  plate  be  connected 
with  a  galvanometer  by  two  copper  wires^  one  from  the 
centre  and  another  from  the  circumference,  in  order  to 
collect  and  convey  the  electricity,  it  is  found  that  when 
the  plate  revolves  in  a  plane  passing  through  the  line  of  the 
dip^  the  galvanometer  is  not  affected.  But  as  soon  as  the 
plate  is  inclined  to  that  plane,  electricity  begins  to  be  de- 
veloped by  its  rotation ;  it  becomes  more  powerful  as  the 
inclination  increases,  and  arrives  at  a  maximum  when  the 
plate  revolves  at  right  angles  to  the  line  of  the  dip.  When 
the  revolution  is  in  the  same  direction  with  that  of  the 
hands  of  a  watch,  the  current  of  electricity  flows  from  its 
centre  to  the  circumference;  and  when  the  rotation  is  in 
the  opposite  direction,  the  current  sets  the  contrary  way. 
The  greatest  deviation  of  the  galvanometer  amounted  to 
50°  or  6*0°,  when  the  direction  of  the  rotation  was  accom- 
modated to  the  oscillations  of  the  needle.  Thus  a  copper 
plate,  revolving  in  a  plane  at  right  angles  to  the  line  of  the 
dip,  forms  a  new  electrical  machine,  differing  from  the 
common  plate-glass  machine,  by  the  material  of  which  it 
IS  composed  being  the  most  perfect  conductor,  whereas  glass 
is  the  most  perfect  non-conductor;  besides  insulation,  which 
is  essential  in  the  glass  machine,  is  fatal  in  the  copper  one. 
The  quantity  of  electricity  evolved  by  the  metal  does  not 
appear  to  be  inferior  to  that  developed  by  the  glass,  though 
very  different  in  intensity. 

From  the  experiments  of  Dr.  Faraday,  and  also  from 
theory,  it  is  possible  that  the  rotation  of  the  earth  may 
produce  electric  currents  in  its  own  mass.  In  that  case, 
whey  would  flow  superficially  in  the  meridians,  and  if  col- 
lectors could  be  applied  at  the  equator  and  poles,  as  in  the 
revolving  plate,  negative  electricity  would  be  collected  at 
the  equator,  and  positive  at  the  poles ;  but  without  some- 
thing equivalent  to  conductors  to  complete  t\\e  eVtc.\jL\\.,  ^«sa 
currents  could  not  exist. 
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Since  the  motion,  not  only  of  tnetals  but  e 
when  under  tbe  inflnence  of  powerful  magaett,  evolitt 
electricity,  it  Is  [irobable  that  the  gulf  s 
sensible  influence  upon  the  forme  of  the  lines  of  mastic 
variation,  in  con^^i^uence  of  electric  cun-enta  moviDga£rDU 
it,  by  the  eleclro-raagnetic  induction  of  the  earth.  Etcd  i 
fihip,  passing  over  the  surface  of  the  water  in  nortbon  ot 
southern  latitudes,  ought  to  hare  electric  currents  miming 
ihreclly  across  the  line  of  her  motion.  Dr.  Far»<|»j  oh- 
servBE,  that  such  is  the  facility  with  wliich  electricilj  ii 
evoheil  by  the  earth's  ni^netism,  that  scarcely  any  pica 
of  metal  can  be  moved  in  contact  with  others  withoult 
developement  of  it,  and  consequently,  among  tlie  urin^ 
ments  of  steam  engines  and  metallic  machinery,  catiw 
electro- magnetic  combinations  probably  exist,  whieh  ba* 
never  yet  been  noticed. 

What  magnetic  properties  the  sun  andplauetaiMylmi 
it  is  impossible  to  conjecture,  altliougb  their  rotation  miflil 
lead  us  to  infer  that  the;  are  similar  to  the  earth  in  ibit 
respect.  According  to  the  observations  of  MM.  Biotuil 
Gay-Lus&ac,  during  their  aerostatic  expedition,  theiiV- 
neCic  action  is  not  confined  to  the  surface  of  the  etrtk,  tei 
extends  into  space.  It  is  probable  that  the  moon  hM 
become  highly  magnetic  by  induction,  in  conseqaence  if 
her  proximity  to  the  earth,  and  because  her  gR*M 
diameter  always  points  towards  it.  Should  the  migMliCi 
hke  the  gravitating  force,  extend  through  space,  tbe  i» 
duction  of  the  sun,  moon,  and  planets  must  occasioa  per- 
petual variations  in  the  intensity  of  terrestrial  mtgotV^ 
by  the  continual  changes  in  their  relative  positions. 

In  the  brief  sketch  that  has  been  given  of  the  five  UnJi 
of  electricity,  those  points  of  resemblance  have  heeo  poiDtal 
out  which  are  characteristic  of  one  individual  power.  B»i 
as  many  anomalM^  h&ve  been  lately  removed,  and  tbe  iile*- 
tity  of  the  diffettnt.  Umls  ^VasiXft-jtwA.  v  Q5k&*,V\0i. 
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Faraday^  it  may  be  satisfactory  to  take  a  summary  view  of 
the  various  coincidences  in  their  modes  of  action  on  which 
their  identity  has  been  so  ably  and  completely  established 
by  that  great  electrician. 

The  points  of  comparison  are  attraction  and  repulsion  at 
•enaible  distances^  discharge  from  points  through  air,  the 
heating  power^  magnetic  influence^  chemical  decomposition, 
action  on  the  human  frame,  and  lastly,  the  spark. 

Ordinary  electricity  is  readily  discharged  from  points 
through  air,  but  Dr.  Faraday  found  that  no  sensible  efPect 
takes  place  from  a  voltaic  battery  consisting  of  140  double 
plates,  either  through  air  or  in  the  exhausted  receiver  of  an 
air-pump,  the  tests  of  the  discharge  being  the  electrometer  and 
chemical  action, — a  circumstance  owing  to  the  small  degree 
of  tension,  for  an  enormous  quantity  of  electricity  is  required 
to  make  these  effects  sensible,  and  for  that  reason  they  cannot 
be  expected  from  the  other  kinds,  which  are  much  inferior 
in  degree.  Common  electricity  passes  easily  through  rarefied 
and  hot  air,  and  also  through  flame.  Dr.  Faraday  effected 
chemical  decomposition  and  a  deflection  of  the  galvanometer 
by  the  transmission  of  voltaic  electricity  through  heated  air, 
and  observes  that  these  experiments  are  only  cases  of  the 
discharge  which  takes  place  through  air  between  the  char* 
coal  terminations  of  the  poles  of  a  powerful  battery  when 
they  are  gradually  separated  after  contact  —  for  the  air 
is  then  heated.  Sir  Humphry  Davy  mentions  that,  with 
the  original  voltaic  apparatus  at  the  Royal  Institution,  the 
discharge  passed  throi^h  four  inches  of  air ;  that,  in  the 
exhausted  receiver  of  an  air-pump,  the  electricity  would 
strike  through  nearly  half  an  inch  of  space,  and  the  com- 
bined effects  of  rarefaction  and  heat  upon  the  included 
air,  were  such  as  to  enable  it  to  conduct  the  electricity 
through  a  space  Qf  six  or  seven  inches.  A  Leyden  jar 
may  be  instantaneously  charged  with  voltaic ,  ^tv^^<&<c^^v^ 
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magneto-electricity — another  proof  of  their  tenuoo.  Such 
effects  cannot  be  obtaioeii  from  the  other  kimls,  on  aceomt 
of  tlicjr  weakneBB  only. 

The  heating  powers  of  ordinary  and  voltaic  electiicity 
have  long  been  known,  but  the  world,  is  iiiilcbled  W  Vt' 
Faraday  for  the  wonderful  discovery  of  the  heating  power 
of  the  magnetic  fluid  :  there  is  no  indication  of  heol  eiUut 
from  the  animal  or  tbermo-electri cities.  All  kinili  <U 
electricity  have  strong  magnetic  powers,  those  of  lit 
voltaic  fluid  are  highly  exalted,  and  the  existence  of  ibe 
magneto-  and  thermo-electricities  was  discovered  by  ibnc 
magnetic  influence  alone.  The  needle  has  been  defledBJ 
by  all  in  the  same  manner,  and  magnets  have  been  maib 
by  all  according  to  the  same  laws.  Ordinary  electricit!>  «u 
long  aupposed  incapable  of  deflecting  the  needle ;  M.  C(iU- 
don  and  Dr.  Faraday  however  have  proved  that,  ia  ihii 
respect  also,  ordinary  electricity  agrees  with  voltaic,  bnttte 
timeiiuiBtbe  allowed  for  its  action.  Itdefli'cl.'cl  rlie  nn*. 
whether  the  current  was  sent  through  rarefied  air,  water,  w 
wire.  Numerous  chemical  decompositions  have  been  efiectcd 
by  ordinary  and  voltaic  electricity,  according  to  the  oat 
laws  and  modes  of  arrangement.  Dr.  Davy  decampcael 
water  by  the  electricity  of  the  torpedo,  —  Dr.  Faraday  aecmu- 
plished  its  decomposition,  and  Dr.  Ritchie  its  coropouoM. 
by  means  of  magnetic  action;  and  M.  Botto  of  Turin  bat 
shown  the  chemical  effects  of  the  therm o-electr[d[j  is 
the  decomposition  of  water,  and  some  other  subalaiW' 
Tlie  electric  and  galvanic  shock,  the  flash  in  the  eye*,  ■ix' 
the  sensation  on  the  tongue,  are  well  known.  All  d)w 
effects  are  produced  by  magneto-electricity,  even  to  a  ptii- 
ful  degree.  The  torpedo  and  gymnotua  electricns  gi" 
severe  shocks,  and  the  limbs  of  a  frog  have  been  coDval*<l 
by  thermo-electricity.  The  last  point  of  comparison  it  'i* 
spark,  which  is  tommon  Wi  i-he  ordinary  voltaic,  and  at- 
nelic   fluids  ;  BhA  "PioSeascfi  \Ana.ri,  ^A  %wvi^«,  Va  «l 
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lately  obtained  both  the  direct  and  induced  sparks  from  the 
torpedo,  proving  that  in  this  respect  animal  electricity  does 
not  differ  from  the  others.  Indeed,  the  conclusion  drawn 
by  Dr.  Faraday  is,  that  the  five  kinds  of  electricity  are 
identical,  and  that  the  differences  of  intensity  and  quantity 
are  quite  sufficient  to  account  for  what  were  supposed  to 
be  their  distinctive  qualities.  He  has  given  still  greater 
assurance  of  their  identity  by  showing  that  the  magnetic 
force  and  the  chemical  action  of  electricity  are  in  direct 
proportion  to  the  absolute  quantity  of  the  fluid  which 
passes  through  the  galvanometer,  whatever  its  intensity 
may  be. 

In  light,  heat,  and  electricity,  or  magnetism,  nature  has 
Cfxbibited  principles  which  do  not  occasion  any  appreciable 
change  in  the  weight  of  bodies,  although  their  presence  is 
manifested  by  the  most  remarkable  mechanical  and  chemical 
action.  These  agencies  are  so  connected,  that  there  is  reason 
to  believe  they  will  ultimately  be  referred  to  some  one  power 
of  a  higher  order,  in  conformity  with  the  general  economy 
of  the  system  of  the  world,  where  the  most  varied  and 
complicated  effbcts  are  produced  by  a  small  number  of 
miiversal  laws.  These  principles  |$enetrate  matter  in  all 
directions ;  their  velocity  is  prodigious,  and  their  intensity 
varies  inversely  as  the  squares  of  the  distances.  The  deve- 
lopement  of  electric  currents,  as  well  by  magnetic  as  electric 
induction,  the  similarity  in  their  mode  of  action  in  a  great 
variety  of  circumstances,  but  above  all,  the  production  of 
the  spark  from  a  magnet,  the  ignition  of  metallic  wires, 
and  chemical  decomposition,  show  that  magnetism  can  no 
longer  be  regarded  as  a  separate  independent  principle. 
Although  the  evolution  of  light  and  heat  during  the  passage 
of  the  electric  fluid  may  be  from  the  compression  of  the 
air,  yet  the  developement  of  electricity  by  heat,  the  in- 
fluence of  heat  on  magnetic  bodies,  and  \\v^\.  ^1  \v^|2)X  ^^ 
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the  nbracion  of  the  compass,  ehow  an  occult  connectiini 
between  all  these  agents,  which  probably  will  one  da;  be 
revealed.  In  the  mean  time  it  opens  a  noble  tieUi  of  «• 
erimentttl  research  to  philosophers  of  the  present,  perhip* 
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SECTION  XXXV. 

BTHBBEAL     MEDIUM. COMETS. DO      MOT     DISTURB     THE     SOLAR 

SYSTEM.  THEIR      ORBITS     AND     DISTURBANCES. PERIODS      OF 

THBEE  KNOWN.  —  ACCELERATION  IN  THE  MEAN  MOTIONS  OP 
BNCKE*S  AND  BIELA's  COMETS.  —THE  SHOCK  OF  A  COMET.— 
VELOCITY  AND  FHTSICAL  CONSTITUTION.  —  SHINE  BY  BORROWED 
LIGHT. ESTIMATION  OF  THEIR  NUMBER. 

In  considering  the  constitution  of  the  earth  and  the  fluids 
which  surround  it^  various  suhjects  have  presented  them- 
adves  to  our  notice,  of  which  some,  for  aught  we  know, 
are  confined  to  the  planet  we  inhahit ;  some  are  common 
to  it  and  to  the  other  bodies  of  our  system.  But  an  all- 
pervading  ether  probably  fills  the  whole  visible  creation, 
and  conveys  in  the  form  of  light,  tremors  which  may  have 
been  excited  in  the  deepest  recesses  of  the  universe  thou- 
sands of  years  before  we  were  called  into  being.  The 
existence  of  such  a  medium,  though  at  first  hypothetical, 
is  nearly  proved  by  the  undulatory  theory  of  lights  and 
rendered  all  but  certain  within  a  few  years  by  the  motion 
of  comets,  and  by  its  action  upon  the  vapours  of  which 
they  are  chiefly  composed.  It  has  often  been  imagined, 
that,  in  addition  to  the  effects  of  heat  and  electricity,  the 
tails  of  comets  have  infused  new  substances  into  our  at- 
mosphere. Possibly  the  earth  may  attract  some  of  that 
nebulous  matter,  since  the  vapours  raised  by  the  sun's  heat, 
when  the  comets  are  in  perihelio,  and  which  form  their 
tails,  are  scattered  through  space  in  their  passage  to  their 
aphelion ;  but  it  has  hitherto  produced  no  eflect,  nor  have 
the  seasons  ever  been  influenced  by  these  bodies.  The 
light  of  the  comet  of  the  year  1811,  Y^l\\c\i\^«&^^\srSc«S!^.^ 
djd  not  impart  any  heat  even  when  con^eu^fe^  cst^  ^^\sv^^ 
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tbermoiiicter  of  a  structure  so  delicate  that  iE  nonid 
llave  made  the  hundredth  part  of  a  degree  evideoL  Id 
4II  probabilily,  the  tails  of  comets  may  baTe  passal  over 
the  earth  without  its  inhabitants  being  codecJous  uf  tbrit 
presence. 

The  passage  of  comcls  has  never  sensibly  disturbed  tii( 
stability  of  the  sokr  system  ;  tlieir  nacUns,  bring  in 
general  only  a  masg  of  vapour,  is  so  rare,  and  their  tmuil 
go  rapid,  that  the  time  haa  not  been  long  enough  to  idnUE 
of  a  Euffident  accumulation  of  impetus  to  produces  per- 
ceptible action.  Indeed  M.  Dusejour  has  proved,  dill 
under  the  most  favourable  circLunstances,  a  comet  cinnol 
remain  longer  than  two  hours  and  a  half  at  a  less  ditUuiM 
from  the  earth  than  10,500  leagues.  The  comet  of  ITVO 
passed  witliiu  about  six  times  the  distance  of  the  loooafitiB 
the  earth,  without  even  afiecting  our  tides ;  and  at  dn 
moon  has  no  sensible  influence  on  the  equilibrium  of  Ai 
atmosphere,  a  tumct  niu'it  !hii.  sull  ii  ^  \<Tiriii:i(;  i" 
La  Place,  the  action  ol  the  earili  on  the  comet  of  17T0 
augmented  the  period  of  Us  reiolutioT  by  more  than  iw 
days  ;  and  if  comet'  had  any  perceptible  disturbing  energj, 
the  reaction  of  the  comet  ought  to  have  increased  ibc 
length  of  our  year.  Had  the  mass  of  that  comet  b*» 
equal  to  the  mass  of  the  earth,  its  disturbing  action  wooU 
have  increased  the  length  of  the  sideral  year  by  2*  53"; 
but  as  Delambre's  computations  from  the  Greenwich  ob- 
servations of  the  sun  show,  that  the  length  of  the  jW 
has  not  been  increased  by  the  fraction  of  a  second,  ■» 
mass  could  not  have  been  equal  to  the  3^^\)Qth  part  of  ilitt 
of  the  earth.  This  accounts  for  the  same  comet  hariag 
twice  swept  through  the  system  of  Jupiter's  satelliKi 
without  deranging  tiie  motion  of  these  mooos.  M' 
Dusejour  has  computed  that  a  comet,  equal  in  mw  is 
the  earth,  passing,  at  the  distance  of  12,150  le^w* 
from   our  plauel,  -woiiii  vncieMii  ftiit  V'm^  tjL  *J«  ^ 
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to  367^  16^  5™>  and  the  obliquity  of  the  ecliptic  as 
much  as  2°.  So  the  principal  action  of  comets  would 
be  to  alter  the  calendar^  even  if  they  were  dense  enough 
to  affect  the  earth. 

Comets  traverse  all  parts  of  the  heavens ;  their  paths 
have  every  possible  inclination  to  the  plane  of  the  ecliptic^ 
and^  unlike  the  planets^  the  motion  of  more  than  half  of 
those  that  have  appeared  have  been  retrograde^  that  is^ 
from  east  to  west.  They  are  only  visible  when  near  their 
periheUa ;  then  their  velocity  is  such^  that  its  square  is 
twice  as  great  as  that  of  a  body  moving  in  a  circle  at  the 
same  distance  :  they  consequently  remain  but  a  very  short 
time  within  the  planetary  orbits.  And  as  all  the  conic 
flections  of  the  same  focal  distance  sensibly  coincide^ 
through  a  small  arc^  on  each  side  of  the  extremity  of  their 
axis^  it  is  difficult  to  ascertain  in  which  of  these  curves 
the  comets  move^  from  observations  made,  as  they  neces- 
sarily must  be,  at  their  perihelia.^  Probably  they  all  move 
in  extremely  excentric  ellipses;  although  in  most  cases 
the  parabolic  curve  coincides  most  nearly  with  their  ob- 
served motions.  Some  few  seem  to  describe  hyperbolas  ; 
such  being  once  visible  to  us,  would  vanish  for  ever,  to 
wander  through  boundless  space,  to  the  remote  systems  of 
the  universe.  If  a  planet  be  supposed  to  revolve  in  a  cir- 
cular orbit,  whose  radius  is  equal  to  the  perihelion  distance 
of  a  comet  moving  in  a  parabola,  the  areas  described  by 
these  two  bodies  in  the  same  time  will  be  as  unity  to  the 
square  root  of  two,  which  forms  such  a  connexion  between 
the  motion  of  comets  and  planets,  that  by  Kepler's  law, 
the  ratio  of  the  areas  described  during  the  same  time  by 
the  comet  and  the  earth  may  be  found.  So  that  the  place 
of  a  comet  may  be  computed  at  any  time  in  its  paraboHc 
orbit,  estimated  from  the  instant  of  its  passage  at  the  peri- 
helion.    It  is  a  problem  of  very  great  difficulty  to  de^Rx.- 

1  Note  220.  V  ^ 
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«  all  the  other  elements  of  parabolic  motinn — namelj. 
comet's  perihelion  distance,  or  shortest  dielisce  from 
the  sua,  eBtimBteU  in  parte  of  the  mean  distance  of  the 
earth  from  the  aim  ;  the  longitude  of  tLe  periheliim;  the 
inclination  of  the  orhit  on  the  plane  of  the  ecliptic ;  and 
the  longitude  of  the  ascending  node.  Three  obii«iTed  loD- 
gitudee  and  latitudes  of  a  comet  are  sufficient  for  cotapUing 
the  approximate  values  of  these  quantities;  butauMtn- 
n  of  them  can  only  be  obtained  by  suwphih? 
:,  from  a  number  of  obBerTations^  distint  fraBi 
one  another.  M'heu  the  motion  of  a  comet  ia  retrognde, 
the  place  of  the  ascending  node  is  exactly  opposite  to  ihu 
it  is  when  the  Imotion  is  direct  Hence  the  place  of  tbe 
ascending  node,  together  with  the  direction  of  the  cotoet'i 
motion,  show  whether  the  incUnation  of  the  orbit  is  on  die 
north  or  south  side  of  the  plane  of  the  ecliptic.  If  ibc 
motion  be  direct,  the  indination  is  on  the  north  Bide;  if 
retrograde,  it  is  on  iIil-  south  side. 

The  identity  of  the  elements  is  the  only  proof  of  fl» 
return  of  a  comet  to  our  system.  Should  the  elemenli  of 
a  new  comet  be  the  same,  or  nearly  the  same,  with  tbw 
of  any  one  previously  known,  the  probability  of  the  identitj 
of  the  two  bodies  is  Tery  great,  since  the  similarity  ottendi 
to  no  less  than  four  elements,  every  one  of  which  b  capable 
of  an  infinity  of  variations.  But  even  if  the  orbit  be  de- 
termined with  all  the  accuracy  the  case  admits  of,  it  nty 
be  difficult,  or  even  impossible,  to  recognise  a  comet  oD  io 
return,  because  its  orbit  would  be  very  much  changed  if  it 
passed  near  any  of  the  large  planets  of  this,  or  of  anyotber 
system,  in  consequence  of  their  disturbing  energy,  wWdi 
would  be  very  great  on  bodies  of  so  rare  a  nature. 

By  far  the  most  curious  and  interesting  instance  of  the 
disturbing  action  of  the  great  bodies  of  our  sy  stem  is  foBDJ 
in  the  comet  of  mO.  The  elements  of  its  orbit,  itef 
mined  by  MeasieT,  4ii  Tvot  a.^'iee  -sv^  •&««*  lA  \k^  <»»«. 
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that  had  hitherto  been  computed^  yet  Lexel  ascertained 
that  it  described  an  ellipse  about  the  sun^  "whose  major  axis 
^as  only  equal  to  three  times  the  length  of  the  diameter 
of  the  terrestrial  orbit,  and  consequently  that  it  must  return 
to  the  sun  at  intervals  of  five  years  and  a  half.  This  result 
was  confirmed  by  numerous  observations,  as  the  comet  was 
▼inUe  through  an  arc  of  170** ;  yet  this  comet  had  never 
been  observed  before  the  year  1770,  nor  has  it  ever  again 
been  seen,  though  very  brilliant.  The  disturbing  action  of 
the  larger  planets  afibrds  a  solution  of  this  anomaly,  aa 
Lexel  ascertained  that  in  I767  the  comet  must  have  passed 
Jupiter  at  a  distance  less  than  the  fifty-eighth  part  of  its 
distance  from  the  sun,  and  that  in  1779  it  would  be  500 
times  nearer  Jupiter  than  the  sun  ;  consequently  the  action 
of  the  sun  on  the  comet  would  not  be  the  fiftieth  part  of 
what  it  would  experience  from  Jupiter,  so  that  Jupiter 
became  the  primum  mobile.  Assuming  the  orbit  to  be  . 
inch  as  Lexel  had  determined  in  1770,  La  Place  found 
that  the  action  of  Jupiter,  previous  to  the  year  1770,  had 
■o  completely  changed  the  form  of  it,  that  the  comet  which 
had  been  invisible  to  us  before  1770,  was  then  brought 
Into  view,  and  that  the  action  of  the  same  planet  pro- 
ducing a  contrary  effect,  has,  subsequently  to  that  year, 
removed  it,  probably  for  ever,  from  our  sight,  since  it  is 
computed  to  be  now  revolving  in  an  orbit  whose  periheUon 
it  beyond  the  orbit  of  Ceres.  This  comet  might  have  been 
seen  from  the  earth  in  1776,  had  itshght  not  been  eclipsed 
by  that  of  the  sun.  It  is  quite  possible  that  comets  frequent- 
ing our  system  may  be  turned  away,  or  others  brought  to 
the  sun,  by  the  attraction  of  planets  revolving  beyond  the 
orbit  of  Uranus,  or  by  bodies  still  farther  removed  from 
the  solar  influence. 

Three  comets,  however,  though  liable  to  much  disturb- 
ance^ do  return  to  the  sun  at  stated  liiteiN«!i&.    ^<^^^ 
computed  the  elements  of  the  oxVAt  oi  a  ^ts^\.  "^e^^*  ^^ 
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'  Jieared  in  the  year  1682,  which  agreed  ea  nearly  »idi 
those  of  the  comets  of  ItiO?  and  1531,  that  he  concluded 
it  to  be  [he  Eime  body  relDniing  to  the  san  at  intemls  of 
about  seventy-five  jcbts.  He  consequently  predicted  its 
re-appearance  In  the  year  175S,  or  in  the  beginning  of 
1759.  Science  was  not  aufflciently  advanced  in  tbe  lime 
of  Hallcy,  to  enable  him  to  determine  the  perturbaliMis 
this  comet  might  experience  ;  but  Clairaut  computed,  that 
bi  consequence  of  the  attraction  of  Jupiter  and  S»mm,  its 
periodic  time  would  be  so  much  shorter  than  during  in 
revolution  between  1607  and  1()82,  that  it  would  paa 
its  perihelion  on  the  IRth  of  April,  1759.  The  comet  did 
arrive  at  that  point  of  ita  orbit  on  the  12th  of  Mirch, 
which  was  thirty-seven  days  before  the  time  afiaigned. 
Clairaut  subsequently  reduced  the  error  to  twecly-llitw 
days ;  and  La  Place  has  since  shown  that  it  would  adj 
have  been  thirteen  days  if  the  mass  of  Saturn  had  tei 
as  ivell  known  as  it  is  now.  It  H[ipears  from  iliis,  itii 
the  path  of  the  comet  was  not  quite  known  at  that  period; 
and  although  many  observations  were  then  made,  ditj 
were  far  from  attaining  the  accuracy  of  those  of  the  pt- 
Bent  day.  Besides,  since  the  year  1759  the  orbit  of  (be 
comet  has  been  altered  by  the  attraction  of  Jupiter  in  hk 
direction,  and  that  of  the  earth,  Saturn,  and  Unnna  io 
the  other ;  yet,  notwithstanding  these  sources  of  uncff- 
tainty,  and  our  ignorance  of  all  the  possible  causei  of  de- 
rangement from  unknown  bodies  on  the  confines  of  ott 
syEtein,  or  in  the  regions  beyond  it,  the  comet  hu  >F- 
peared  exactly  at  the  time,  and  not  far  from  the  piMe, 
assigned  to  it  by  astronomers ;  and  its  actual  arrival  at  it> 
perihelion  a  little  before  noon  on  the  l6th  of  Novembo-, 
1835,  only  differed  from  the  computed  time  by  a  vtiy 
few  days. 

The  fulfilment  of  this  astronomical  prediction  is  trolj 
wonderful  if  it  \»e  coTtsWeieA  feat  ft*  ixim«<.Si.wa.<nl^ 
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for  a  few  weeks,  during  its  passage  through  our  system, 
and  that  it  wanders  from  the  sun  for  seventy-five  years  to 
twice  the  distance  of  Uranus.  This  enormous  orhit  is  four 
times  longer  than  it  is  hroad ;  its  length  is  ahout  3420  mil- 
lions  of  miles,  or  ahout  thirty-six  times  the  mean  distance 
of  the  earth  from  the  sun.  At  its  perihelion  the  comet 
comes  within  nearly  fifty-seven  milHons  of  miles  of  the 
son,  and  at  its  aphelion  it  is  sixty  limes  more  distant. 
On  account  of  this  extensive  range  it  must  experience  3600 
times  more  light  and  heat  when  nearest  to  the  sun  than  in 
the  most  remote  point  of  its  orhit.  In  tlie  one  position  the 
gun  will  seem  to  he  four  times  larger  than  he  appears  to  us, 
and  at  the  other  he  will  not  he  apparently  larger  than  a 
star.^ 

On  the  first  appearance  of  Halley's  comet^  early  in 
August,  1835,  it  seemed  to  he  merely  a  globular  mass  of 
dim  vapour,  without  a  tail.  A  concentration  of  light,  a 
little  on  one  side  of  the  centre,  increased  as  the  comet 
approached  the  sun  and  earth,  and  latterly  looked  so  like 
the  disc  of  a  small  planet,  that  it  might  have  been  mis- 
taken for  a  solid  nucleus.  M.  Strove,  however,  saw 
a  central  occultation  of  a  star  of  the  ninth  magnitude  by 
the  comet,  at  Dorpat,  on  the  29th  of  September.  The 
star  remained  constantly  visible,  without  any  considerable 
diminution  of  light ;  and  instead  of  being  eclipsed,  the 
nucleus  of  the  comet  disappeared  at  the  moment  of  con- 
junction from  the  brilliancy  of  the  star.  .  The  tail  in- 
creased as  the  comet  approached  its  perihelion,  and  shortly 
before  it  was  lost  in  the  sun*s  rays  it  was  between  thirty 
and  forty  degrees  in  length. 

According  to  the  observations  of  M.  Valz  of  Nismes, 
the  nebulosity  increased  in  magnitude  as  it  approached 
the  sun  ;  but  no  other  comet  on  record  has  exhibited  such 
sudden  and  unaccountable  changes  of  aspect,    TV»fe  \s»j5s5©a&^ 
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deu  and  well  defined,  like  the  disc  of  a  pUnet,  wu  ob> 
■erved  on  one  occasion  to  become  obscure  and  enkrpd 
in  the  course  of  a  few  hours.  But  by  far  the  inwl  i*- 
maikttble  drcumstance,  was  the  sudden  appearance  alta- 
tain  luminous  brushes  or  sectors,  diverging  from  the  anDc 
of  the  nucleus  through  the  nebulosity.  M.  Savre  de- 
scribes the  nucleus  of  the  comet,  in  the  beginning  of 
October,  as  eUipdcal,  and  like  a  burning  coal,  out  of  vbich 
there  issueil,  in  a  direction  nearly  opposite  to  the  Bil,  » 
divergent  flame,  varying  in  intensity,  form,  and  ditectioD, 
appearing  occasionally  fiven  double,  and  suggesting  ibc 
idea  of  luminous  gas  bursting  from  the  nucleus.  On  ow 
occasion  M.  Arago  saw  three  of  these  divergent  flinwi 
on  the  side  oppo^iK  tlie  tail,  rising  through  the  nebula- 
Wty,  which  they  greatly  esceeded  in  brilliancy :  »fl«  iht 
comet  had  passed  its  perihelion,  it  acquired  anoUter  it 
these  luminous  fans,  which  was  observed  by  Sir  Joto 
HLTdchtl  at  tJie  Cape  of  Good  IIop,^.  Ilevelius  Jestribo 
an  appearance  precisely  similar,  which  he  had  witnessed  is 
this  comet  at  its  approach  to  the  sun  in  the  year  itiSS,  ud 
something  of  the  kind  seems  to  have  been  noticed  in  iht 
comet  of  17i4.  Possibly  the  second  tail  of  the  cometof 
1724,  which  was  directed  towards  the  sun,  may  have  btto 
of  this  nature. 

The  influence  of  tlie  ethereal  medium  on  the  mctiou 
of  Halley's  comet  will  be  known  after  another  revolutioB, 
and  future  astronomers  will  learn,  by  the  accuracy  of  i» 
returns,  whether  it  has  met  with  any  unknown  cause  ot 
disturbance  in  its  distant  journey.  Undiscovered  pliiKtt, 
beyond  the  visible  boundary  of  our  system,  may  ebwff 
ts  path  and  the  period  of  its  revolution,  and  thus  oi>T 
indirectly  reveal  to  us  their  existence,  and  even  their  phy- 
sical nature  and  orbit.  The  secrets  of  the  yet  more  ^ 
tant  heavens  may  be  disclosed  to  future  generation*  bj 
comets  which  pe'nevi;a\e  ttCi  l&xCatx  vqw>  «^witt,  oi«h  m 
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that  of  1763^  which,  if  any  faith  may  be  placed  in  the 
computation,  goes  nearly  forty-three  times  farther  from 
the  sun  than  Halley*s  does,  and  shows  that  the  sun's  at- 
traction is  powerful  enough,  at  the  enormous  distance  of 
15^500  millions  of  miles,  to  recall  the  comet  to  its  peri- 
helion.    The  periods  of  some  comets  are  said  to'  be  of 
many  thousand  years,  and  even  the  average  time  of  the 
revolution  of  comets  generally  is  about  a  thousand  years  ; 
which  proves  that  the  sun's  gravitating  force  extends  very 
far.     La  Place  estimates  that  the  solar  attraction  is  felt 
throughout  a  sphere  whose  radius  is  a  hundred  millions  of 
times  greater  than  the  distance  of  tlie  earth  from  the  sun. 
Authentic   records   of  Halley's  comet  do  not   extend 
beyond  the  year  1456,  yet  it  may  be  traced  with  some 
degree  of  probability,  even   to   a  period  preceding  the 
Christian  era.     But  as  the  evidence  only  rests  upon  coin- 
cidences of  its  periodic  time,  which  may  vary  as  much  as 
eighteen  months  from  the  disturbing  action  of  the  planets, 
its  identity  with  comets  of  such  remote  times  must  be 
regarded  as  extremely  doubtful. 

This  is  the  first  comet  whose  periodicity  has  been 
established.  It  is  also  the  first  whose  elements  have  been 
determined  from  observations  made  in  Europe;  for  al- 
though the  comets  which  appeared  in  the  years  240,  539^ 
565,  and  837^  are  the  most  ancient  of  those  whose  orbits 
have  been  traced,  their  elements  were  computed  from 
Chinese  observations. 

Besides  Halley's  comet,  two  others  are  now  proved  to 
form  part  of  our  system ;  that  is  to  say,  they  return  to 
the  sun  at  intervals,  one  of  1204  days,  and  the  other  of 
6^  years,  nearly.  The  first,  generally  called  Encke's 
comet,  or  the  comet  of  the  short  period,  was  first  seen 
by  MM.  Messier  and  Mechain  in  1786,  again  by  Miss 
Herschel  in  1795,  and  its  returns  ixv  \Vvfe  ^^«x%V^^^  "^^.^ 
1819  were  observed   by    other  aattonoxxx^x^  \ax^«i   '^^ 
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impreBsioii  that  kU  fuur  were  diSbrent  bodies.  Hon-erer, 
Professor  Eiicke  not  only  proved  their  identity,  but  detei- 
mtned  the  circumsunees  of  the  comet's  motioii.  lis 
re-appearance  in  tiie  years  1825,  1828,  and  I8SS,  »c- 
corded  with  the  orbit  assigned  by  M.  £ncke,  who  tbiu 
eatablished  the  length  of  its  period  to  be  1304  iJiji, 
nearly.  Thia  coniet  is  very  small,  of  feeble  light,  mil 
inviaihle  to  the  naked  eye,  except  under  very  favMUililc 
circumstances,  and  in  particular  positions.  It  hu  no 
tail,  it  revolves  in  an  ellipse  of  great  excentricitj  indiDed 
a.t  aa  angle  of  13°  22'  to  the  plane  of  the  ecliptic,  snd  a 
subject  to  considerable  perturbations  from  the  attnctiea  of 
the  planets,  which  occasion  lis  periodic  time  lo  vary  but 
1S03  to  131S  days,  the  time  of  ila  last  revDludnn. 
Among  the  many  perturbations  to  which  the  planet*  ire 
liable,  their  mean  motions,  and  therefore  the  major  nS 
of  their  orbits  experience  no  change ;  while  on  llie  alh 
Irary,  tlif  mciiii  iiiolion  of  tlie  iiiiioii  is  accelerated  from 
age  to  age,  a  circumstance  at  Drst  attributed  to  the  retiit- 
ance  of  an  ethereal  medium  pervading  epace,  hut  lulae- 
quently  proved  to  arise  from  the  secular  diminution  of  tiv 
escentricity  of  the  terrestrial  orbit.  Although  the  re««l- 
ance  of  such  a  medium  has  not  hitherto  been  perceived  in 
the  motions  of  such  dense  bodies  as  the  planets  and  satellilo, 
its  effects  on  the  revolutions  of  the  two  small  periodic 
comets  hardly  leave  a  doubt  of  its  existence.  From  tb* 
numerous  observations  that  have  been  made  on  each  retmn 
of  ihe  comet  of  the  short  period,  the  elements  have  hew 
computed  with  great  accuracy  on  the  hypothesis  of  in 
moving  in  vacuo.  Its  perturbations  occasioned  by  the 
disturbing  action  of  the  planets  have  been  determiiMd ; 
and  after  every  thing  that  could  infljence  its  motion  bid 
been  duly  considered,  W.  Encke  found  that  an  acceleratkn 
of  about  two  da^a  in  each  tevolutton  has  taken  place  in  ih 
mean  tncUon,  ptecise\'j  wnftM  ws  '6«.\-w\i^'«wi&.\itw.- 
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casioned  by  the  resistance  of  an  ethereal  medium.    And  as 
it  cannot  be  attributed  to  a  cause  like  that  which  produces 
the  acceleration  of  the  moon^  it  must  be  concluded  that 
Ihe  celestial  bodies  do  not  perform  their  revolutions  in  an 
absolute  void^  and  that  although  the  medium  be  too  rare 
•to  have  a  sensible  effect  on  the  masses  of  the  planets  and 
Mtellites^  it  nevertheless  has  a  considerable  influence  on  so 
rare  a  body  as  a  comet.     Contradictory  as  it  may  seem^ 
lliat  the  motion  of  a  body  should  be  accelerated  by  the  re- 
sbtance  of  an  ethereal  medium,  the  truth  becpmes  evident  if 
it  be  considered  that  both  planets  and  comets  are  retained 
in  their  orbits  by  two  forces  which  exactly  balance  one 
another ;  namely^  the  centrifugal  force  producing  the  ve- 
locity in  the  tangent,  and  the  attraction  of  the  gravitating 
force  directed  to  the  centre  of  the  sun.     If  one  of  these 
forces  be  diminished  by  any  cause,  the  other  will  be  pro- 
portionally increased.     Now,  the  necessary  effect  of  a  re- 
sisting medium  is  to  diminish  the  tangential  velocity,  so 
that  the  balance  is  destroyed,  gravity  preponderates,  the 
body  descends  towards  the  sun  till  equilibrium  is  again  re- 
stored between  the  two  forces  ;  and  as  it  then  describes  a 
smaller  orbit,  it  moves  with  increased  velocity.     Thus,  the 
resistance  of  an  ethereal  medium  actually  accelerates  the 
motion  of  a  body ;  but  as  the  resisting  force  is  confined  to 
the  plane  of  the  orbit,  it  has  no  influence  whatever  on  the 
inclination  of  the  orbit,  or  on  the  place  of  the  nodes.     In 
computing  its  effect,  M.  Encke  assumed  the  increase  to  be 
inversely  as  the  squares  of  the  distances,  and  that  its  resist- 
ance acts  as  a  tangential  force  proportional  to  the  square  of 
the  comet's  actual  velocity  in  each  point  of  its  orbit.     The 
other  comet  belonging  to  our  system,  which  returns  to  its 
perihelion  after  a  period  of  6J  years,  has  been  accelerated 
in  its  motion  by  a  whole  day  during  its  last  revolution, 
which  puts  the  existence  of  ether  nearly  be^yow^  ^  ^^>s^\.^ 
and  forma  a  strong  presumption  in  coYTo\)ot&Xiow  ol  ^^ 
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unilulatory  theory  of  light.  Since  this  comet  which  levolvci 
nearly  between  the  orhits  of  the  earth  and  Jupiter,  if  onlj 
accL'leralfd  one  day  at  each  revolution,  while  Eticke'i,  re- 
Tolvint;  nearly  between  the  orhits  of  Mercury  and  PJla^ 
is  ai^cekraled  two,  the  ethereal  medium  most  incrtaH 
density  towards  the  eun.  The  comet  in  question  w«i  di 
covered  by  M.  Biela  at  Johannisberg  on  the  STil  «( 
February,  1826,  and  (en  days  afterwards  it  was  teen  by. 
M.  Gambart  at  Mareeilles,  who  computed  iia  pitibolic 
elements,  and  found  that  they  agreed  with  those  of  tilt 
coinela  which  had  appeared  in  the  years  17S9  and  1734 
whence  he  concluded  them  to  be  the  snme  body  nDting  ii 
an  ellipse,  and  accomplishing  its  revolution  iu  9460  dtn 
The  perturbations  of  this  comet  were  computed  by  M-  D»- 
moiecau,  who  predicted  that  it  would  cross  the  [dii 
the  ecliptic  on  the  2Hth  of  October,  1832,  a  litde  btfoft 
midnight,  at  a  point  nearly  1 8,4S4  miles  within  the  earth 'i 
orbit;  and  as  M,  Olbers  of  Bremen,  in  1805,  had  delei- 
mined  the  radius  of  the  comet's  head  to  be  about  21,136 
miles,  it  was  evident  that  its  nebulodty  would  envelt^t 
portion  of  the  earth's  orbit,  —  a  circumstance  which  tvatd 
some  alarm  in  France,  from  the  notion  that  if  any  <lit- 
turbing  cause  had  delayed  the  arrival  of  the  comet  to 
one  month,  the  earth  must  have  passed  through  ita  hew). 
M.  Arago  dispelled  these  fears  by  his  excellent  treatiKMi 
comets  in  the  Annuaire  of  1832,  where  he  proves,  thii» 
the  earth  would  never  be  nearer  the  comet  than  1 8,OO0,W 
British  leagues,  there  could  be  no  danger  of  calliwii. 
The  earth  is  in  more  danger  from  these  two  bdiiII  tooMti 
than  from  aiiy  other.  Encke's  croasea  the  terrestrial  mW' 
sixty  times  in  a  century,  and  may  ultimately  cook  iflt* 
collision,  hut  both  are  so  extremely  rare,  that  little  iiij"«T 
is  to  be  apprehended. 

The  em\\  woiiVd  iaW  \o  i.\\e  win  in  64^  days,  if  it  «" 
struck  by  a  cottiel  ■«"\fti  saBnaeni  \ni-^«!wi»  mi  4««»i\in 
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centrifugal  force.  What  the  earth's  primitive  velocity 
may  have  heeii^  it  is  impossible  to  say.  Therefore  a  comet 
may  have  given  it  a  shock  without  changing  the  axis  of 
rotation^  but  only  destroying  part  of  its  tangential  velocity^ 
so  as  to  diminish  the  size  of  the  orbit^ — a  thing  by  no  means 
impossible^  though  highly  improbable.  At  all  events^  there 
18  no  proof  of  this  having  occurred ;  and  it  is  manifest  that 
the  axis  of  the  earth's  rotation  has  not  been  changed^  be- 
cause^ as  the  ether  offers  no  sensible  resistance  to  so  dense 
a  body  as  the  earthy  the  libration  would  to  this  day  be 
evident  in  the  variation  it  must  have  occasioned  in  the 
terrestrial  latitudes.  Supposing  the  nucleus  of  a  comet  to 
have  a  diameter  only  equal  to  the  fourth  part  of  that  of  the 
earth,  and  that  its  perihelion  is  nearer  to  the  sun  than  we 
are  ourselves^  its  orbit  being  otherwise  unknown^  M.  Axago 
has  computed  that  the  probability  of  the  earth  receiving 
a  shock  from  it  is  only  one  in  281  millions,  and  that 
the  chance  of  our  coming  in  contact  with  its  nebulosity 
is  about  ten  or  twelve  times  greater.  Only  comets  with 
retrc^rade  motions  can  come  into  direct  collision  with 
the  earth,  and  if  the  momentum  were  great  the  event 
might  be  fatal ;  but  in  general  the  substance  of  comets  is 
80  rare,  that  it  is  likely  they  would  not  do  much  harm  if 
they  were  to  impinge ;  and  even  then  the  mischief  would 
probably  be  local,  and  the  equilibrium  soon  restored,  pro- 
vided the  nucleus  were  gaseous,  or  very  small.  It  is, 
however,  more  probable  that  the  earth  would  only  be  de- 
flected a  little  from  its  course  by  the  approach  of  a  comet, 
without  being  touched  by  it.  The  comets  that  have  come 
nearest  to  the  earth  were  that  of  the  year  S37,  which  re- 
mained four  days  within  less  than  1,240,000  leagues  from 
our  orbit ;  that  of  1 770,  which  approached  within  about 
six  times  the  distance  of  the  moon.  The  celebrated  comet 
of  1680  also  came  very  near  to  us ;  anvV  \!ck^  ^\£k&\.  ^«Vk»«^ 
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period  is  6|  yean  was  ten  times  nearer  the  earth  in  IS05 
than  in  18.^'2,  when  it  caused  so  much  alarm. 

Comets  in  or  near  their  perihelion  move  with  prtxli^us 
velocity.  That  of  16S0  appears  to  have  gone  half  round 
the  sun  in  ten  hours  and  a  half,  moving  at  the  rau  of 
880,000  miles  an  hour.  If  its  enormous  centrifng.!  ftme 
had  ceased  when  passing  its  perihelion,  it  would  have  MJfii 
to  the  sun  in  ahout  three  minutes,  as  it  was  then  lets  tbin 
147,000  miles  from  hU  surface.  So  near  the  sua,  il 
would  be  exposed  to  a  heat  97,.^00  times  greiler  thin 
that  received  by  the  earth  ;  and  as  the  sun's  heal  is  sup- 
posed to  he  in  proportion  to  the  intensity  of  his  iigbt,  il  \i 
probable  that  a  degree  of  heat  so  intense  would  he  wf- 
flcient  (o  convert  into  vapour  every  lerresltial  »ub«M« 
\rith  which  we  "are  acquainted.  At  the  perihelion  diilutt 
the  sun's  diameter  wonld  be  seen  from  the  comet  untea 
angle  of  73°,  so  that  thy  sun,  viewed  from  the  compt,  »«tM 
nearly  cover  the  whole  extent  of  the  heavens  from  ihe  ho- 
rizon to  the  zenith.  As  this  comet  is  presumed  to  h»Tt  • 
period  of  575  years,  the  major  axis  of  its  orbit  must  bt  so 
great,  that  at  the  aphelion  the  sun's  diameter  would  onl; 
subtend  an  angle  of  about  fourteen  seconds,  which  is  ii« 
so  great  by  half  aa  the  diameter  of  Mars  appears  to  at 
when  in  opposition.  The  sun  would  consequently  iirpiil 
no  lieat,  so  that  the  comet  would  then  he  exposed  to  ll« 
temperature  of  the  ethereal  regions,  which  is  58°  beloulb* 
aero  point  of  Fahrenheit.  A  body  of  such  tenuity  u  ikt 
comet,  moving  with  such  velocity,  must  have  met  with 
great  resistance  from  the  dense  atmosphere  of  the  aai. 
while  passing  so  near  his  surface  at  its  perihelion.  TIk 
centrifugal  force  must  consequently  have  been  diminithnl, 
and  the  sun's  attraction  proportionally  augnwnleii,  w 
that  it  must  have  come  nearer  to  the  sun  In  1680  tlan 
in  its  preceding  te^oVMiim,  »wA  would  subseqaendy  il*- 
scrihe  a  stnaWer  otliv^.       fi">  ^V**  SitcAtra'CvMv  tAxauSi!- 
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will  be  repeated  at  each  revolution^  the  comet  will  infaUibly 
end  by  falling  on  the  surface  of  the  sun,  unless  its  course 
be  changed  by  the  disturbing  influence  of  some  large  body 
in  the  unknown  expanse  of  creation.  Our  ignorance  of 
the. actual  density  of  the  sun's  atmosphere^  of  the  density 
of  the  comet,  and  of  the  period  of  its  revolution,  renders 
it  imjiossible  to  form  any  idea  of  the  number  of  centuries 
which  must  elapse  before  this  event  takes  place. 
.  But  this  is  not  the  only  comet  threatened  with  such  a 
catastrophe ;  Encke's,  and  that  discovered  by  M.  Biela, 
are  both  slowly  tending  to  the  same  fate.  By  the  resist- 
ance of  the  ether,  they  will  perform  each  revolution  nearer 
and  nearer  to  the  sun^  till  at  last  they  will  be  precipitated 
on  bis  surface.  The  same  cause  may  affect  the  motions 
of  the  planets,  and  ultimately  be  the  means  of  destroying 
the  solar  system.  But,  as  Sir  John  Hetschel  observes,  they 
could  hardly  all  revolve  in  the  same  direction  round  the 
gun  for  so  many  ages  without  impressing  a  corresponding 
motion  on  the  ethereal  fluid,  which  may  preserve  them 
from  the  accumulated  effects  of  its  resistance.  Should  this 
material  fluid  revolve  about  the  sun  like  a  vortex,  it  will 
accelerate  the  revolutions  of  such  comets  as  have  direct 
motions,  and  retard  those  that  have  retrograde  motions, 

Though  already  so  well  acquainted  with  the  motions  of 
comets,  we  know  nothing  of  their  physical  constitution. 
A  vast  number,  especially  of  telescopic  comets,  are  only 
like  clouds  or  masses  of  vapour^  often  without  tails.  Such 
were  the  comets  which  appeared  in  the  years  1795,  1797, 
and  1 798.  But  the  head  commonly  consists  of  a  concen- 
trated mass  of  light,  like  a  planet,  surrounded  by  a  very 
transparent  atmosphere,  and  the  whole,  viewed  with  a 
telescope,  is  so  diaphanous,  that  the  smallest  star  may  be 
seen  even  through  the  densest  part  of  the  nucleus ;  in 
general  their  solid  parts,  if  they  have  auy^  ax^  ^^  ToksiKsXfe^ 
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tbat  they  have  no  sensible  dlanielcr,  like  that  of  ibe  comet 
of  1811,  which  appeared  to  Sir  Wm.  Hersihel  like  a 
ItiraiEous  point  in  the  middle  of  the  nehiUoux  matler.  The 
nuclei,  which  seem  to  be  formed  of  the  denser  sttW»  of 
that  nebulous  matler  in  successive  coatings,  are  sooie- 
times  of  great  magnitude.  Those  comets  which  caiDe  to 
the  sun  in  the  jears  1799  ^"^  1S07,  had  nuclei  whose 
diameters  measured  ISO  and  275  leagues  respectiwlf,  uid 
the  second  comet  of  ISIl  had  a  nucleus  1350  leagues  in 


It  must  however  he  stateii,  that  as  comets  are  gene- 
rally at  prodigious  distances  from  the  earth,  the  solid  parU 
of  the  nuclei  appear  like  mere  points  of  light,  so  minuw 
that  it  is  impOBsible  to  measure  them  with  any  kind  of 
accuracy,  so  that  the  best  astronomers  often  difivr  in  the 
estimatioTi  of  their  size,  by  one  half  of  the  whole  diameBT- 
The  transit  of  a  comet  across  the  sun  \iouU  afford  fl* 
best  information  with  regard  to  the  nature  of  the  iwdei. 
It  was  computed  tliat  such  an  event  was  to  take  place  in 
the  year  1827  ;  unfortunately  the  sun  was  hid  by  domis 
from  the  British  astronomers,  but  it  was  examined  )> 
Viviers  and  at  Marseilles  at  the  time  the  comet  must  bin 
been  projected  on  its  disc,  but  no  spot  or  cloud  was  to  bt 
seen,  so  that  it  must  have  had  no  solid  part  vrbateier. 
The  nuclei  of  many  comets  which  seemed  solid  mmI 
brilliant  to  the  naked  eye  have  been  resolved  into  nun 
vapour  by  telescopes  of  high  powers  ;  in  Halley'a  comet 
there  was  no  solid  part  at  all. 

The  nebulosity  immediately  round  the  nucleus  is  "> 
diaphanous  that  it  gives  little  light ;  but  at  a  small  dis- 
tance the  nebulous  matter  becomes  suddenly  brilliint,  w 
as  to  look  like  a  bright  ring  round  the  body.  SometiiDrt 
there  are  two  or  three  of  these  luminous  concentric  riap 
separated  b^  datk  inVerviU,  hut  thei;  are  generally  JDCOin- 
plete  on  the  part  next,  ftve  t»\. 
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These  annular  appearances  are  an  optical  effect^  arising 
from  a  succession  of  enyelopes  of  the  nebulous  matter  with 
intervals  between  thero^  of  which  the  first  is  sometimes  in 
contact  with  the  nucleus  and  sometimes  not.  The  thick- 
ness of  these  bright  diaphanous  coatings  in  the  comets  of 
1799  and  1807  were  about  7000  and  10,000  leagues 
respectively ;  and  in  the  first  comet  of  1811,  the  luminous 
ring  was  8000  leagues  thick,  and  the  distance  between  its 
interior  surface  and  the  centre  of  the  head  was  10,000 
leagues.  The  latter  comet  was  by  much  the  most  brilliant 
that  has  been  seen  in  modern  times  ;  it  was  first  discovered 
in  this  country  by  Mr.  James  Vietch  of  Inchbonny,  and  was 
observed  in  all  its  changes  by  Sir  William  Herschel  and 
M.  Olbers.  To  the  naked  eye,  the  head  had  the  appearance 
of  an  ill-defined  round  mass  of  light,  which  was  resolved 
into  several  distinct  parts  when  viewed  with  a  telescope.  A 
Tery  brilliant  interior  circular  mass  of  nebulous  matter  was 
surrounded  by  a  black  space,  having  a  parabolic  form,  very 
distinct  from  the  dark  blue  of  the  sky.  This  dark  space 
was  of  a  very  appreciable  breadth.  Exterior  to  the  black 
interval  there  was  a  luminous  parabolic  contour  of  con- 
siderable thickness,  which  was  prolonged  on  each  side  in 
two  diverging  branches,  which  formed  the  bifid  tail  of  the 
comet.  Sir  William  Herschel  found  that  the  brilliant 
interior  circular  mass  lost  the  distinctness  of  its  outline  as 
he  increased  the  magnifying  power  of  the  telescope,  and 
presented  the  appearance  of  a  more  and  more  diffuse  mass 
of  greenish  or  bluish-green  light,  whose  intensity  decreased 
gradually,  not  from  the  centre,  but  from  an  excentric 
brilliant  speck,  supposed  to  be  the  truly  solid  part  of  the 
comet.  The  luminous  envelope  was  of  a  decided  yellow, 
which  contrasted  strongly  with  the  greenish  tint  of  the 
interior  nebulous  mass.  Stars  were  nearly  veiled  by  the 
luminous  envelope,  whilst,  on  the  contrary^  S>vt  "W^^^sss. 
'Herschel  saw  three  extremely  smaVi  ^lax^  ^Vsvyci^  O^rw^ 
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In  the  black  cpace,  which  wits  singularlj  transparcal.  As 
die  envelopes  were  formed  in  successian  ss  the  comet  ap- 
proached the  Eun,  Sir  William  Uerscbel  conceived  ihmi 
to  be  Tapoiirs  raised  by  his  heat  at  the  Burface  of  the 
nucleus,  and  suspended  round  it  like  a.  vault  or  dome  b; 
the  elastic  force  of  an  extensive  and  highly  trantpamt 
atmoEphere.  In  coming  to  the  snn,  ihc  coatingE  began  W 
form  when  the  comet  was  as  distant  as  the  orbit  of  Jnpiler, 
and  in  its  return  they  very  soon  entirely  vsniahed;  bol» 
new  one  was  formed  after  it  had  retreated  as  fir  as  the 
orbit  of  Mare,  which  lasted  for  a  few  days.  Indeed, 
comets  in  general  are  subject  to  sudden  and  violeDt  een- 
vulsions  in  their  interiorj  even  when  far  from  die  on, 
which  produce  changes  that  are  visible  at  enormous  di»- 
tsnces,  and  baffle  all  attempts  at  explanation,  —  proUUT 
arising  from  electricity,  or  even  causes  with  which  >e  in 
unacquainted.  The  envelopes  surrounding  the  nudeui  J 
the  comet  oil  the  siJi'  u(i\t  to  the  sun,  diverge  on  the 
opposite  side,  where  they  ate  prolonged  into  the  fotm 
of  a  hollow  cone,  which  is  the  tail.  Two  repulsive  fona 
seem  to  be  concerned  in  producing  this  effect ;  one  fruni 
the  comet  and  another  from  the  aun,  the  latter  being  ll«t 
most  powerful.  The  envelopes  are  nearer  the  centre  of 
the  comet  on  the  side  next  to  the  sun,  where  these  forcM 
are  opposed  to  one  another ;  but  on  the  other  side  ibt 
forces  conspire  to  form  the  tall,  conveying  the  nebulow 
particles  to  enormous  distances. 

The  lateral  eJges  of  the  tail  reflect  more  light  ituD  ibe 
central  part,  because  the  line  of  vision  passes  through  a 
greater  depth  of  nebulous  matter,  which  produces  the  efici 
of  two  streams  somewhat  like  the  aurora.  Stars  shine  with 
undiminished  lustre  through  the  central  part  of  the  tail, 
because  their  rays  traverse  it  perpendicularly  to  its  thick- 
ness ;  but  though  distinctly  seen  through  its  edgea,  ibeir 
light  is   weakenei  \y}  W-  otiiiopa  Vi»n«nivi»OTi,    Tte  ttU 
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of  the  great  comet  of  1811  was  of  wonderful  tenuity; 
stars,  which  would  have  been  entirely  concealed  by  the 
slightest  fog^  were  seen  through  64,000  leagues  of  nebu- 
lous matter  without  the  smallest  refraction.  Possibly  some 
part  of  the  changes  in  the  appearance  of  the  tails  arises 
from  rotation.  Several  comets  have  been  observed  to 
rotate  about  an  axis  passing  through  the  centre  of  the  taiL 
That  of  1825  performed  its  rotation  in  20^  hours,  and  the 
rapid  changes  in  the  luminous  sectors  which  issued  from 
the  nucleus  of  Halley's  comet^  in  all  probability  were 
owing  to  rotatory  motion. 

The  two  streams  of  light  which  form  the  edges  of  the 
tail  in  most  eases  unite  at  a  greater  or  less  distance  from 
the  nucleus^  and  are  generally  situate  in  the  plane  of  the 
orbit.  The  tails  follow  comets  in  their  descent  towards  the 
sun^  but  precede  them  in  their  return,  with  a  small  degree 
of  curvature ;  their  apparent  extent  and  form  vary  accord- 
ing to  the  positions  of  the  orbits  with  regard  to  the 
ecliptic.  In  some  cases^  the  tail  has  been  at  right  angles  to 
the  line  joining  the  sun  and  comet.  The  curvature  is  in 
part  owing  to  the  resistance  of  the  ether^  and  partly  to  the 
velocity  of  the  comet  being  greater  than  that  of  the  parti, 
des  at  the  extremity  of  its  tail,  which  lag  behind.  The 
tails  are  generally  of  enormous  lengths,  —  the  comet  of 
1811  had  one  no  less  than  a  hundred  millions  of  miles  in 
length,  and  those  which  appeared  in  the  years  l6l8^  1680,. 
and  1769,  had  tails  which  extended  respectively  over  104, 
90,  and  97  degrees  of  space.  Consequently,  when  the 
heads  of  these  comets  were  set,  a  portion  of  the  extremity 
of  their  tails  was  still  in  the  zenith.  Sometimes  the  tail 
is  divided  into  several  branches,  like  the  comet  of  1744, 
which  had  six,  separated  by  dark  intervals,  each  of  them 
about  4^  broad,  and  from  30°  to  44°  long.  They  were 
probably  formed  by  three  hollow  cones  of  ^^  iy^\s\s^\A 
matter  proceeding  from  the  different  eikN^<(yg«i&,  «cA  ^^* 


closing  one  another  with  intervalB  betweoi  ;  the  kterai 
edges  of  these  cones  would  give  the  appesmice  of  sir 
streams  of  light.  The  tails  do  not  attain  their  fuUnngai- 
tude  till  the  comet  has  left  the  sun.  When  comtV,  fint 
appear,  ihey  resemble  round  films  of  vapour  with  little  or 
no  tail.  As  they  approach  the  »un,  they  increase  in  bril- 
liaDcy,  and  their  tail  in  length,  till  they  are  lost  Id  hit 
Tays  ;  and  it  is  not  till  they  emerge  from  the  aun's  more 
vivid  light  that  they  aKsume  their  full  splendour.  They 
dien  gradually  decreasi?,  their  tails  diroinish,  and  they 
disappear  nearly  or  altogether  before  they  are  tKyond 
the  sphere  of  telescopic  vision.  Many  cometti  haie  no 
tails,  as  for  example  Bncfce's  comet,  and  that  dintnend 
by  M.  Biela,  both  of  which  are  small  and  insignificant 
objects.  The  comets  which  appeared  in  the  years  l£8ii 
1763,  and  I68S,  were  also  without  tails,  though  ibe 
latter  is  recorded  to  have  been  as  bright  as  Japter. 
The  matter  of  the  tail  must  be  extremely  buoyant  to  pre- 
cede a  body  moving  with  such  velocity ;  indeed  the  rapidity 
of  its  ascent  cannot  be  accounted  for.  It  has  been  attri- 
buted to  that  power  in  the  sun  which  produces  those  ri- 
hrations  of  ether  which  constitute  light ;  but  as  this  ibeon 
will  not  account  for  the  comet  of  1824,  which  is  said  ta 
have  had  two  tails,  one  directed  towards  the  sun,  and  * 
very  short  one  diametrically  opposite  to  it,  our  ignoraiXT 
on  this  subject  must  be  confessed.  In  this  case  the  re- 
pelling power  of  the  comet  seems  to  have  been  greater  than 
that  of  the  sun.  ^VTiatevec  that  unknown  power  may  1«i 
there  are  instances  in  which  its  effects  are' enotmoue.  for 
immediately  after  the  great  comet  of  168O  had  passed 
its  perihelion,  its  tail  was  100,000,000  miles  in  length, 
and  was  projected  from  the  comet's  head  in  the  short  ipue 
of  two  days.  A  body  of  such  extreme  tenuity  as  a  coiiit< 
is  most  hkely  incapable  of  an  attraction  powerful  enougk 
to  recall  matter  sent  \a  va.^  a 
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therefore  in  all  probability  scattered  in  space^  which  may 
Account  for  the  rapid  decrease  observed  in  the  tails  of 
comets  every  time  they  return  to  their  perihelia. 

It  is  remarkable  that^  although  the  tails  of  comets  in* 
crease  in  length  as  they  approach  their  periheUa^  there  is 
reason  to  believe  that  the  real  diameter  of  the  head 
contracts  on  coming  near  the  sun^  aBd  expands  rapidly 
on  leaving  him.  Hevelius  first  observed  this  phenomenon, 
which  £ncke's  comet  has  exhibited  in  a  very  extraor- 
dinary degree.  On  the  28th  of  October,  1828,  this 
comet  was  about  three  times  as  far  from  the  sun  as  it 
was  on  the  24th  of  December,  yet  at  the  first  date  its 
apparent  diameter  was  twenty-five  times  greater  than  at 
the  second,  the  decrease  being  progressive.  M.  Valz 
attributes  the  circumstance  to  a  real  condensation  of 
volume  from  the  pressure  of  the  ethereal  medium,  which 
increases  most  rapidly  in  density  towards  the  surface  of  the 
sun,  and  forms  an  extensive  atmosphere  around  him.  It 
did  not  occur  to  M.  Valz,  however,  that  the  ethereal  fluid 
would  penetrate  the  nebulous  matter  instead  of  compressing 
it.  Sir  John  Herschel,  on  the  contrary,  coi^ectures  that 
it  may  be  owing  to  the  alternate  conversion  of  evaporable 
materials  in  the  upper  regions  of  the  transparent  atmosphere 
of  comets  into  the  states  of  visible  cloud  and  invisible  gas 
by  the  effects  of  heat  and  cold;  or  that  some  of  the 
external  nebulous  envelopes  may  come  into  view  when  the 
comet  arrives  at  a  darker  part  of  the  sky,  which  were  over- 
powered by  the  superior  light  of  the  sun  while  in  his 
vicinity.  The  first  of  these  hypotheses  he  considers  to 
be  perfectly  confirmed  by  his  observations  on  Halley's 
comet  made  at  the  Cape  of  Good  Hope  Sifter  its  return 
from  the  sun.  He  thinks  that  in  all  probability  the  whole 
comet,  except  the  densest  part  of  its  nucleus,  vanished  and 
was  reduced  to  a  transparent  and  invisible  state  during  Ita 
passage  at  its  perihelion,  for  when  it  ^wt  <:%.m<&  VxvX»  ^vs^ 


after  leaving  the  sun  it  hail  no  tail,  and  its  aspect  vu 
completely  changed,  A  parabolic  envelope  soon  began  to 
appear,  anil  increased  so  much  and  so  rapidly  that  its 
augmentation  was  visible  to  the  eye.  This  increase  con- 
tinued till  it  became  i;o  large  and  so  faint  that  at  lut  it 
vanished  entirely,  leaving  only  the  nucleus  and  a  tail,  nhich 
it  had  again  acquired,  but  which  also  vanished,  so  that  ai  lut 
the  nucleus  alone  remained.  Not  only  the  tails,  bul  the  oe- 
bulous  part  of  comets  diminishes  every  time  they  return  U> 
their  perihelia ;  after  frequent  returns  they  ought  to  lose 
it  altogether,  and  present  the  appearance  of  a  fixed  nucleus : 
this  ought  to  happen  sooner  to  comets  of  short  pniodb 
M.  de  la  Place  supposes  that  the  comet  of  \6ti3  muH  he 
ap]iroaching  rapidly  to  that  state.  Should  the  suhslaiiael 
be  altogetherj  or  even  to  a  great  di^ree,  eraporated,  the 
cotnet  would  disappear  for  ever.  Possibly  comets  mij  tiaW 
vanished  from  our  view  sooner  thaa  they  would  otherwiM 
have  done  from  this  cause. 

If  comets  shine  by  borrowed  light,  they  ought,  in 
certain  positions,  to  exhibit  phases  like  the  moon  ;  but  no 
such  appearance  has  been  detected  except  in  one  instance, 
when  they  are  said  to  have  been  observed  by  Hevelius  »nd 
La  Hire  in  the  year  l682.  In  general,  the  light  of  cornels 
is  dull,  —  that  of  the  comet  of  1811  was  only  equ«l  W 
the  tenth  part  of  the  light  of  the  full  moon, —  yet  sonw 
have  been  brilliant  enough  lo  be  visible  in  full  dayhgbl, 
especially  the  comet  of  1744,  which  was  seen  wilhonl 
a  telescope  at  one  o'clock  in  the  afternoon,  while  the  inn 
was  shining.  Hence  it  may  he  inferred  that,  althou^ 
some  comets  may  be  altogether  diaphanous,  others  seem  la 
possess  a  solid  mass  resembling  a  planet.  But  whelbei 
they  shine  by  their  own  or  by  reflected  hght  has  never  been 
satisfactorily  made  out  till  now.  Even  if  the  light  of  • 
comet  were  polatiGed,  it  would  not  afford  a  decisive  leu, 
since  a  bodj  is  ca'gi.^Ae  oi  xiA&iL'Cva%\\^x,'&ii:ia^  i^  ihina 
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by  its  own.  M.  Arago,  however,  has  with  great  ingenuity 
discovered  a  method  of  ascertaining  this  point,  independent 
both  of  phases  and  polarisation. 

Since  the  rays  of  light  diverge  from  a  luminous  point, 
they  will  he  scattered  over  a  greater  space  as  the  distance 
increases,  so  that  the  intensity  of  the  light  on  a  screen 
two  feet  from  the  object,  is  four  times  less  than  at  the  dis- 
tance of  one  foot;  three  feet  from  the  object  it  is  nine 
times  less,  and  so  on,  decreasing  in  intensity  as  the  squares 
of  the  distances  increase.  As  a  self-luminous  surface  con^ 
sists  of  an  infinite  number  of  luminous  points,  it  is  clear 
that  the  greater  the  extent  of  surface,  the  more  intense 
will  be  the  light;  whence  it  may  be  concluded  that  the 
illuminating  power  of  such  a  surface.is  proportional  to  its  ex- 
tent, and  decreases  inversely  as  the  squares  of  the  distances. 
Notwithstanding  this,  a  self-luminous  surface,  plane  or 
curved,  viewed  through  a  hole  in  a  plate  of  metal,  is  of 
the  same  brilliancy  at  all  possible  distances  as  long  as  it 
subtends  a  sensible  angle,  because,  as  the  distance  increases, 
a  greater  portion  comes  into  view,  and  as  the  augmentation 
of  surface  is  as  the  square  of  the  diameter  of  the  part  seen 
through  the  hole,  it  increases  as  the  squares  of  the  distances. 
Hence,  though  the  number  of  rays  from  any  one  point  of 
the  surface  which  pass  through  the  hole,  decreases  inversely 
jBta  the  squares  of  the  distances,  yet,  as  the  extent  of  surface 
which  comes  into  view  increases  also  in  that  ratio,  the 
brightness  .of  the  object  is  the  same  to  the  eye  as  long  as 
it  has  a  sensible  diameter.  For  example  —  Uranus  is 
about  nineteen  times  farther  from  the  sun  than  we  are, 
so  that  the  sun,  seen  from  that  planet,  must  appear  like 
a  star  with  a  diameter  of  a  hundred  seconds,  and  must 
have  the  same  brilliancy  to  the  inhabitants  that  he  would 
have  to  us  if  viewed  through  a  small  circular  hole  having 
a  diameter  of  a  hundred  seconds.  For  it  is  obNvsvi^)  ^^\. 
light  comes  from  every  point  of  tlae  «\ni'«  ^xaiakS)^  \»\i^^- 


nui,  whereas  a  very  Hmall  portion  gf  bis  ilitc  is  vinfalt 
through  die  hok ;  so  that  exteat  of  surface  exactly  com*  ] 
penaales  distmice.  Saice,  then,  the  visiUlity  of  a  seUV 
luminous  obJecE  does  not  depend  upon  the  angle  it  Eublendt 
as  loug  as  it  is  of  sensible  magnitude,  if  a  cornel  sbinM 
by  ils  own  light,  it  should  relaio  its  brilliancy  as  hag  u 
its  diameter  is  of  a  sensible  magnitude  ;  and  even  after  it 
has  loBt  an  apparent  diameter,  it  ought  to  be  visible,  Uiti 
the  fixed  stars,  and  should  only  vanish  iu  consequence  of 
extreme  remoteness.  That  however,  is  far  from  being  the 
case  —  comets  gradually  become  dim  as  their  lUstwice  in- 
creases, and  vanish  merely  from  loss  of  light,  while  they 
EtlU  retain  a  sensible  diameter,  which  is  proved  hy  obeert- 
utions  made  the  evening  before  they  disappear.  Ii  miy 
therefore  be  concluded,  tliat  cometi  idiine  by  reflecting  dw 
sun's  Light.  The  most  brilliant  comets  have  hitherto  ceuet  { 
to  be  visible  when  about  five  times  as  far  from  the  nut  u 
we  ate.  Most  of  the  comets  that  have  been  visible  from 
the  earth  have  their  perihelia  within  the  orbit  of  .Min, 
because  they  ate  invisible  when  as  distant  as  the  orbil  of 
Saturn  :  on  that  account  there  i«  not  one  on  record  whoie 
perihelion  is  situaie  beyond  the  orbit  of  Jupiter.  Indeed, 
tbe  comet  of  lT^'>i  after  its  last  appearance,  remained 
tive  whole  years  within  the  ellipse  described  by  Saluin 
without  being  once  seen.  A  hundred  and  forty  comeu 
have  appeared  within  the  earth's  orbit  during  the  lut  ceo* 
tury  that  have  not  again  been  seen.  If  a  thousand  yean 
be  allowed  as  the  average  period  of  each,  it  may  be  com. 
puted,by  the  theory  of  probabilities,  that  the  whole  Dumber 
which  range  witliin  the  earth's  orbil  must  be  1+00;  but 
Uranus  being  about  nineteen  times  more  distaiit,  there 
may  be  no  less  than  11,200,000  comets  that  come  within 
the  known  extent  of  our  system.  11.  Arago  makea  a  dif- 
ferent estimate  :  he  considers  that,  as  tliirty  comets  are 
ItDown  to  have  iWti  peiftke^oTk  btAJKont  VvCca^  <he  ottii  of 
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^Meicwry,  if  it  be  assumed  that  comets  are  uniformly  distriir 
buted  in  space,  the  number  having  their  perihelion  within 
the  orbit  of  Uranus  must  be  to  thirty  as  the  cube  of  the 
radius  of  the  orbit  of  Uranus  to  the  cube  of  the  radius  of 
the  orbit  of  Mercury^  which  makes  the  number  of  comets 
•mount  to  3^529,470.  But  that  number  may  be  doubled, 
if  it  be  considered  that,  in  consequence  of  daylight,  fogs, 
and  great  southern  declination,  one  comet  out  of  two  must 
be  hid  from  us.  According  to  M.  Arago,  more  than  seven 
millions  of  comets  frequent  the  planetary  orbits. 

The  different  degrees  of  velocity  with  which  the  planets 
and  comets  were  originally  propelled  in  space  is  the  sol^ 
cause  of  the  diversity  in  the  form  of  their  orbits,  which 
depends  only  upon  the  mutual  relation  between  the  pro-* 
jectile  force  and  the  sun's  attraction. 

When  the  two  forces  are  exactly  equal  to  one  another^ 
circular  motion  is  produced  ;  when  the  ratio  of  the  pro- 
jectile to  the  central  force  is  exactly  that  of  1  to  the 
square  root  of  2,  the  motion  is  parabolic ;  any  ratio 
between  these  two  will  cause  a  body  to  move  in  an  ellipse, 
and  any  ratio  greater  than  that  of  1  to  the  square  root 
of  2  will  produce  hyperbolic  motion.  ^ 

The  celestial  bodies  might  move  in  any  one  of  these 
four  curves  by  the  law  of  gravitation ;  but  as  one  parti- 
cular velocity  is  necessary  to  produce  either  circular  or 
parabolic  motion,  such  motions  can  hardly  be  supposed 
to  exist  in  the  solar  system,  where  the  bodies  are  liable  to 
such  mutual  disturbances  as  would  infallibly  change  the 
ratio  of  the  forces,  and  cause  them  to  move  in  ellipses  in 
the  first  case,  and  hyperbolas  in  the  other.  On  the  con- 
trary, since  every  ratio  between  equality  and  that  of  1  to 
the  square  root  of  2  will  produce  elliptical  motion,  it  is 
found  in  the  solar  system  in  all  its  varieties,  from  that 
which  is  nearly  circular,  to  such  as  borders  on  the  parabolk. 

1  NoteS22. 


np 


£tom  excessive  ellipticity.  On  this  depeniU  tile  BUlwlitj  of 
the  G^slem  ;  the  mutunl  disturbances  ntJy  cause  the  orbiu 
to  become  more  or  less  exceiitric  without  changing  their 

For  the  iiame  reason  the  hadies  of  the  solar  system  might 
have  moved  in  an  infinite  variety  of  hyperbolas,  since  Mij 
ratio  of  the  foreos,  theater  than  that  which  cauj!es  parabolic 
tootioii,  will  make  a  body  move  in  one  of  these  cnrre*. 
Hyperbolic  motion  is  however  very  rare;  only  two  tonitt* 
appear  to  move  in  orbits  of  that  nature,  those  of  17T1  ukI 
18^4  ;  probably  all  such  comets  have  already  come  tolhar 
perihelia,  and  consequently  will  never  return. 

The  ratio  of  the  forces  which  fixed  the  nature  of  die 
celestial  orbits  is  thus  easily  explained ;  but  the  niMn- 
gtanres  which  determined  these  ratios,  which  caused  wne 
bodies  to  move  nearly  in  circles  and  others  to  vudei 
towards  the  limits  of  the  solar  attraction,  and  which  raide 
all  the  heavenly  bodies  to  rotate  and  revolve  in  the  same 
direction,  must  have  had  their  origin  in  the  primeval  alile 
of  things  ;  hut  as  it  pleases  the  Supreme  Intelligean  lo 
employ  gravitation  alone  in  the  maintenance  of  this  fait 
system,  it  may  be  presumed  to  have  presided  at  itE  creation. 
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SECTION  XXXVI, 

THE     FIXED     STARS.  THEIR     NUMBERS. ESTIMATION     OF     THEIR 

DISTANCES    AND    MAGNITUDES    FROM  THEIR  LIGHT. STARS  THAT 

HAVE  VANISHED.-^ NEW  STARS. DOUBLE  STARS. BINARY  AND 

MULTIPLE    SYSTEMS.  — THEIR    ORBITS    AND    PERIODS. ORBITUAL 

AND    PARALLACTIC    MOTIONS.  —  COLOUR. PROPER    MOTIONS.  

GENERAL   MOTIONS   OF   ALL  THE   STARS. CLUSTERS. NEBULJE. 

THEIR  NUMBER  AND  FORMS. DOUBLE  AND  STELLAR  NEBULA. 

—  NEBULOUS    STARS.  —  PLANETARY    NEBULJE. CONSTITUTION    OF 

THE    NEBULJS,    AND    FORCES    WHICH    MAINTAIN   THEM. DISTRI- 
BUTION.-^METEORITES. 

Grbat  as  the  number  of  comets  appears  to  be^  it  is  abso- 
lutely nothing  when  compared  with  the  multitude  of  the 
fixed  stars.  About  2000  only  are  visible  to  the  naked 
eye;  but  when  we  view  the  heavens  with  a  telescope^ 
their  number  seems  to  be  limited  only  by  the  imperfection 
of  the  instrument.  In  one  hour  Sir  William  Herschel 
estimated  that  50^000  stars  passed  through  the  field  of 
his  telescope,  in  a  sone  of  the  heavens  2°  in  breadth. 
This^  however,  was  stated  as  an  instance  of  extraordinary 
crowding ;  but,  on  an  average,  the  whole  expanse  of  the 
heavens  must  exhibit  about  a  hundred  millions  of  fixed 
stars  within  the  reach  of  telescopic  vision. 

The  stars  are  classed  according  to  their  apparent  bright- 
ness, and  the  places  of  the  most  remarkable  of  those  visible 
to  the  naked  eye  are  ascertained  with  great  precision,  and 
formed  into  a  catalogue,  not  only  for  the  determination  of^ 
geographical  positions  by  their  occultations,  but  to  serve  as 
points  of  reference  for  marking  the  places  of  comets  and 
other  celestial  phenomena.  The  whole  number  of  stars 
registered  amounts  to  about  150,000  or  200,000.  T\\fe 
distance  of  the  fixed  stars  is  loo  gieaX  to.  ^^tciSx  oi  ^^vc 
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exhibiting  a  sensible  disc  ;  but  in  all  probability  llwy  iit 
spherical,  and  must  certainly  be  so  if  gravitation  petvidw 
nil  space,  whicb  it  may  be  presumed  to  do,  since  Sii  John 
llerschel  has   shown  that  it  extends  to  the  binary  Bynemi 
af  stars.      With   a  Erne  telescope  the  stars  appear  like  a 
point  of  light ;  their  occnltationa  by  the  moon  are  tb«i«foR    ' 
insianlaneoiis.        Their    twinkling     arises    from    sudden 
charges  in  the  refractive  powers  of  the  air,  which  would  not    ', 
be  sensible  if  they  had  iliscs  like  the  planets.     Thui  «e 
can  learn  nothing  of  the  relative  distances  of  the  suut  froia 
us,  and  from  one  another,  by   their  apparent  dismft*™.    ( 
Their  annual  parallax  being  insensible,  shows  thatnemnsl    I 
be  more  than  two  hundred  millions  of  millions  of  nuiet 
at  least  from  the  nearest.     Many  of  them,  however,  nnitt    { 
be  Tastly  more  remote  ;  for  of  two  stars  that  appear  dim    i 
together,  one  may  be  far  beyond  the  other  in  the  ile^ihM    '. 
space.     The  light  of  SJrins,  according  to  the  obserraliiM   ' 
of  Sir  John  Hersrliel,  is  3'2i  times  grt-aler   ihan  ilial  (if » 
^lar  of  the  sixth  magnitude  ;  if  we  suppose  the  two  to  be 
really  of  the  same  size,  their  distances  from  oa  must  be  in 
the  ratio  of   57'3  to  ],  because  light  diminishes  as  ibr 
square  of  the  distance  of  the  luminous  body  increases. 

Nothing  is  known  of  the  absolute  magnitude  of  the  fiirf 
stars,  hut  the  quantity  of  light  emitted  by  many  of  them 
shows  that  they  must  be  much  lai^r  than  the  aun.  Dr. 
Wollaston  determined  the  approximate  ratio  which  llw 
light  of  a  wax  candle  bears  to  that  of  the  sun,  moon,  snd 
stars,  by  comparing  their  respective  images  reflected  frwo 
small  glass  globes  filled  with  mercury,  whence  a  caa- 
parieon  was  established  between  the  quantities  of  light 
emitted  by  the  celestial  bodies  themselves.  By  this  oiediod 
be  found  that  the  hght  of  the  sun  is  about  twenty  miffiow 
of  millions  of  times  greater  than  that  of  Sirini,  the 
brightest  and  su^i'posed  to  be  the  nearest  of  the  Sved  Mit. 
If  the  pataWax  o!  SVnaa '«t;ie\»iS.\«S.^  ^ iA>^iin&,\u,<UMaace 
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from  the  earth  would  be  525^481  times  the  distance  of  the 
sun  from  the  earth ;  and  therefore  Sirius^  placed  where  the 
sun  is^  would  appear  to  us  to  be  3*7  times  as  large  as  the 
san^  and  would  give  13*8  times  more  light.  Many  of  the 
fixed  stars  must  be  infinitely  larger  than  Sirius. 

Many  stars  have  vanished  from  the  heavens ;  the  star 
42  Virginis  seems  to  be  of  this  number^  having  been 
miseed  by  Sir  John  Herschel  on  the  9th  of  May,  1828, 
and  not  again  founds  though  he  frequently  had  occasion 
to  observe  that  part  of  the  heavens.     Sometimes    stars 
have  all  at  once  appeared,  shone  with  a  bright  light,  and 
vanished.     Several  instances  of  these  temporary  stars  are 
on  record ;   a  remarkable  instance  occurred  in  the  year 
125,  which  is  said  to  have  induced  Hipparchus  to  form 
the  first  catalogue  of  stars.     Another  star  appeared  sud- 
denly near  a  Aquils  in  the  year  389,  which  vanished,  after 
remaining  for  three  weeks  as  bright  as  Venus.     On  the 
10th  of  October,  l604,  a  brilliant  star  burst  forth  in  the 
constellation  of  Serpen  tar  ius,  which  continued  visible  for  a 
year ;  and  a  more  recent  case  occurred  in  the  year  I67O, 
when  a  new  star  was  discovered  in  the  head  of  the  Swan, 
which,  after  becoming  invisible,  reappeared,  and  having 
undergone  many  variations  in  light,  vanished  after  two 
years,  and  has  never  since  been  seen.     In  1572,  a  star 
was  discovered  in  Cassiopeia,  which  rapidly  increased  in 
brightness  till  it  even  surpassed  that  of  Jupiter;  .it  then 
gradually  diminished  in  splendour,  and  having  exhibited 
all  the  variety  of  tints  that  indicate  the  changes  of  combus- 
tion, vanished  sixteen  months  after  its  discovery,  without 
altering  its  position.     It  is  impossible  to  imagine  any  thing 
more  tremendous  than  a  conflagration  that  could  be  visible 
at  such  a  distance.     It  is  however   suspected  that  this 
star  may  be  periodical,  and  identical  with  the  stars  which 
appeared  in  the  years  945,  and  1264.     There  are  i^t^Vi^V^ 
many  stars  which  alternately  vaniaVi  and  xe%.v^geftx  «s&»i^% 
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the  innumeraUe  multitudes  ihat  spangle  the  heavens ;  the 
periods  of  thirteen  liuve  already  been  pretty  well  laca- 
tained.  Of  theue,  the  most  remarkable  is  the  star  OmiciOD 
in  the  constellation  Cetus.  It  appears  about  twelve  6am 
in  eleven  years,  and  is  of  variable  brightiieas,  someliiKt 
appearing  like  a  star  of  the  second  magnitude ;  but  it 
does  not  always  attain  the  same  lustre,  nor  does  it  incnwe 
or  diminish  by  the  same  degrees.  According  to  UeveiJni. 
it  did  not  appear  at  all  for  four  years,  y  HyiU«  »1«') 
vanishes  and  reappears  every  4-gi  days  ;  snd  a  very  silt- 
gular  instance  of  periodicity  ia  given  by  Sir  Johu  Ucr^diti 
in  the  star  Al^ol  or  ^  Fersei,  which  is  describeil  as  ntiin- 
ing  the  size  of  a  star  of  the  second  tnagnitude  for  iwadiyi 
and  fourteen  hours ;  it  then  suddenly  b^ins  to  diuuiudi 
in  aplendoQT,  and  in  about  three  hours  and  a  half  is  lednced 
to  the  siae  of  a  star  of  the  fourth  magnitude  ;  it  then  bcgini 
again  to  increase,  and  in  three  hours  and  a  half  more 
regains  its  usual  brightness,  going  through  all  these  vidui- 
tudts  in  two  days,  twenty  hours,  and  forty-eight  minutes. 
The  cause  of  the  variations  in  most  of  the  periodical  sun 
is  unknown,  but  from  the  changes  of  Algol,  M.  Goodricke 
has  conjectured  that  they  may  be  occasioned  hy  the  revo- 
tution  of  some  opaque  body,  coming  between  us  and  dw 
star,  aiid  obfitrncting  part  of  its  light.  Sir  John  Herscbd 
is  struck  with  the  high  degree  of  activity  evinced  bv  tboe 
changes  in  regions  where,  "  but  for  such  evidences,  •» 
might  conclude  all  to  be  hfeless."  He  observes  that  our 
own  sun  requires  nine  times  the  period  of  Algol  to  perform 
a  revolution  on  its  own  axis  ;  while  on  the  other  hiod, 
tile  periodic  time  of  an  opaque  revolving  body  Buffideolljr 
large  to  produce  a  similar  temporary  obscuration  of  thr 
sun,  seen  from  a  fixeil  star,  would  be  less  than  fouttcen 
himrs. 

Alany  thousands  of  stars  that  seem  to  he  only  biillUiI 
points,  mhea  cateEuUf  exantvoe^  «xe  toiimd.  to  be  in  reality 
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systems  of  two  or  more  suns^  sometimes  revolving  about  a 
common  centre.  These  binary  and  multiple  stars  are  ex-^ 
tremely  remote,  requiring  the  most  powerful  telescopes  to  i 
show  them  separately.  The  first  catalogue  of  double  stars, 
in  which  their  places  and  relative  positions  are  determined, 
was  accomplished  by  the  talents  and  industry  of  Sir  William 
fierschel,  to  whom  Astronomy  is  indebted  for  so  many 
briniant  discoveries,  and  with  whom  the  idea  of  their  com- 
bination in  binary  and  multiple  systems  originated  —  an 
idea  completely  established  by  his  own  observations,  and 
recently  confirmed  by  those  of  his  son  and  other  as- 
ttonomers.  The  motions  of  revolution  of  many  of  these 
stars  round 'a  common  centre  have  been  ascertained,  and 
iSbxxr  periods  determined  with  considerable  accuracy.  Some 
have,  since  their  first  discovery,  already  accomplished  nearly 
a  whole  revolution;  and  one,  i;  Coronse,  is  actually  con. 
«iderably  advanced  in  its  second  period.  These  interesting 
systems  thus  present  a  species  of  sidereal  chronometer,  by 
which  the  chronology  of  the  heavens  will  be  marked  out  to 
future  ages  by  epochs  of  their  own,  liable  to  no  fluctuations 
from  such  planetary  disturbances  as  take  place  in  our  system. 
In  observing  the  relative  position  of  the  stars  of  a  binary 
system,  the  distance  between  them,  and  also  the  angle  of 
position,  that  is,  the  angle  which  the  meridian  or  a  parallel 
to  the  equator  makes  with  the  line  joining  the  two  stars, 
are  measured.  The  different  values  of  the  angle  of  posi- 
tion show  whether  the  revolving  star  moves  from  east  to 
west  or  the  contrary ;  whether  the  motion  be  uniform  or 
variable,  and  at  what  points  it  is  greatest  or  least.  The 
measures  of  the  distances  show  whether  the  two  stars 
approach  or  recede  from  one  another.  From  these  the 
form  and  nature  of  the  orbit  are  determined.  Were  ob- 
servations perfectly  accurate,  four  values  of  the  angle  of 
position  and  of  the  corresponding  distances  at  given  e\kQc\\.% 
'Would  be  sufficient  to  assign  the  form  »xid.  ^Q!&\^<QiCL  ^1  ^^ 
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curre  described  by  ihe  revolving  ntar ;  this,  howetrt, 
scarcely  ever  happene.  The  accuracy  of  eiich  remit  de- 
pends upon  taking  the  tnewi  of  a  great  number  of  the  bal 
observationE,  and  eiiminating  error  by  mutual  computoin. 
The  distances  between  the  itars  are  so  minute  that  dny 
cannot  be  meaaiired  nilh  the  same  accuracy  as  the  angle> 
of  pasitioti ;  therefore,  to  determine  the  orbit  of  a  tur  in- 
dependently of  the  distance,  it  is  necessary  to  assuneu 
the  most  probable  hypothesis,  that  tfae  stare  are  sabjwt  to 
the  law  of  gravitation,  and  coiiaequently  that  one  of  flw 
two  stars  revolves  in  an  ellipse  about  tlie  other,  sapptMc^  to 
be  at  rest,  though  not  neceaaarily  in  the  focus.  A  emn  U 
thus  constructed  graphically  by  means  of  the  Biuiin  of 
position  and  the  corresponding  times  of  obaprvation.  Th» 
angular  velocities  of  the  stars  are  obtained  by  dnwBf; 
tangents  to  this  curve  at  staled  intervals,  whenM  the 
apparent  distances,  or  radii  vectores,  of  the  revolrine!  Hit 
become  known  for  each  angle  of  position  ;  because,  by  Ae 
laws  of  elliptical  motion,  they  are  equal  to  the  square  roMs 
of  the  apparent  angular  velocities.  Now  that  the  ai^ 
of  position  estimated  from  a  given  line,  and  the  corre- 
sponding distances  of  the  two  stars,  are  known,  another 
curve  may  be  drawn  which  will  represent  on  paper  the 
actual  orbit  of  the  star  projected  on  the  visiWe  aurfaw  of 
the  heavens  ;  so  that  the  elliptical  elements  of  the  true 
orbit  and  its  position  in  space  may  be  determined  byi 
combined  system  of  measurements  and  computation.  Bal 
■,v{  this  oibit  has  been  obtained  on  the  hypothesis  thtl  grt- 
vilation  prevails  in  these  distant  regions,  which  could  oM 
be  known  a  priori,  it  must  be  compared  with  as  msny 
observations  as  can  he  obtained,  to  ascertain  how  fir  the 
computed  eUipse  agrees  with  the  curve  actually  described 

By  this  proiieBB  Sk  Johti  Herachel  hqs  discovered  ihai 
several  of  these  a^atfiwift  o^  «»*  «*  «Mbk*.  m,  -bftiaBit 
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laws  of  motioQ  with  our  system  of  planets:  he  has  de^ 
termined  the  elements  of  their  elliptical  orbits,  and  com- 
puted the  periods  of  their  revolution.     One  of  the  stars  of 
y  Virginis  revolves  about  the  other  in  629  years;   the 
periodic  time  of  o-  Corome  is  287  years ;  that  of  Castor 
is  253  years;  that  of  e  Bootes  is  l600 ;  that  of  70Ophiuci 
is  ascertained  by  Professor  Encke  to  be  80  years ;  and  M. 
8avary,  who  has  the  merit  of  having  first  determined  the 
elliptical  elements  of  the  orbit  of  a  binary  star  from  observe 
ation,  has  shown  that  the  revolution  of  %  Urste  is  completed 
in  58  years,     y  Vii^nis  consists  of  two  stars  of  nearly 
the  same  magnitude.    They  were  so  far  apart  in  the  begin- 
ning and  middle  of  the  last  century,  that  they  were  men. 
tioned  by  Bradley  and  marked  in  Mayer's  catalogue  as  two 
distinct  stars.     Now,  they  are  so  near  to  one  another,  that 
even  with  good  telescopes  they  look  like  a  single  star  some, 
what  elongated.      A   series  of   observations,    since    the 
beginning  of  the  present  century,  has  enabled  Sir  John 
Herschel  to  determine  the  form  and  position  of  the  ellip- 
tical orbit  of  the  revolving  star  with  extraordinary  truth. 
According  to  his  computation,  it  must  have  arrived  at  its 
perihelion  on  the  18th  of  August  of  the  year  18S4.     The 
actual  proximity  of  the  two  stars  must  then  have  been 
extreme,  and  the  apparent  angular  velocity  so  great  that 
it  might  have  described  an  angle  of  68^  in  a  single  year. 
Observations  made  at  the  Cape  of  Good  Hope,  by  Sir  John 
Herschel,  as  well  as  those  of  Captain  Smyth,  R.  N.,  at 
home,  correspond  in  proving  an  augmentation  of  velocity 
as  the  star  was  approaching  its  shortest  distance  from  its 
primary.     By  the  laws  of  elliptical  motion,  the  angular 
velocity  of  the  revolving  star  must  now  gradually  diminish, 
till  it  comes  to  its  aphelion  some  314  years  hence.     The 
satellite  star  of  o-  Corons  attained  its  perihelion  in  1885, 
and  that  of  Castor  will  do  the  same  some  timft  vol  \%^^« 
It  fometimea  happens  that  the  edf^  oi  iStift  oifdiX  ^ 
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reralviDg  atar  is  presented  to  the  earth,  as  in  n  BerpenUrii. 
Then  the  star  seems  to  move  in  a  etraight  line,  uid  U 
oscillate  on  each  side  of  its  primary.  Five  obseivationi 
are  requisite  in  this  case  for  the  determination  o(  itt  orbiti 
provided  they  be  accurate.  At  the  time  8ir  IViUiam  Hct- 
Bchel  observed  the  Bystem  in  question,  the  two  stars  irete 
diBtiDCCly  separate :  at  present,  one  is  so  completely  pro- 
jected on  the  other,  that  M.  Struve,  with  his  great  ttb- 
seope,  cannot  perceive  the  smalleBl  separatiun.  (In  ibt 
contrary,  the  two  stars  of  ^  Orionis,  -which  appeared  to  be 
one  in  the  time  of  Sir  WiUiain  Herschel,  are  now  fft- 
rated.  Were  this  hbration  owing  to  parallax,  it  would 
be  annual,  from  the  revolution  of  the  eartli ;  but  u  jriat 
elapse  before  it  amounts  to  a  sensible  quantity,  it  can  oidj 
arise  from  a  real  orbitual  motion  seen  obliquely.  AnMig 
the  triple  stars,  two  of  the  stars  of  ^  Cancri  revolre  abM 
the  third.  There  are  also  quadruple  stars,  and  there  IR 
even  assemblages  of  five  and  six  stars,  as  $  and  7  of 
Orion.  It  is  remarked  that  in  general,  the  ellipsei  in 
which  the  revolving  stars  of  hinary  systems  toove,  ate 
much  more  elongated  than  the  orbits  of  the  planets.  & 
John  Herschel,  Sir  James  South,  and  Professor  Strove  of 
Dor|iat,  have  increased  Sir  William  Herschel's  original 
catalogue  of  double  stars  to  more  than  6OOO,  of  which 
thirty  or  forty  ate  known  to  form  revolving  or  biiury 
systems ;  and  Mr.  Dunlop  has  formed  a  catalogue  of  i5S 
double  stars  in  the  southern  hemisphere.  To  this  Sir 
John  Herschel  has  added  many ;  but  he  has  found  ibit 
the  southern  hemisphere  is  poorer  than  the  northern  in 
close  double  stars  above  the  tenth  magnitude.  He  otf 
serves,  that  if  Mr.  Dunlop's  measures  can  be  depended 
upon,  6  Eridani  is  perhaps  the  most  remarkable  of  tU 
the  binary  systems  in  the  heavens.  The  revoluiioD  of 
the  satellite  star  being  at  the  rate  of  10°-67  per  annnm, 
it  conseqtienti^  mas^  atcwa^aio.  «.  ie^«Js.>i&OTi  to  ».  Me 
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more  than  thirty  years*  The  motion  of  Mercury  is  more 
rapid  than  that  of  any  other  planet^  being  at  the  rate  of 
107,000  miles  an  hour;  the  perihelion  velocity  of  the 
comet  of  1680  was  no  less  than  880,000  miles  an  hour ; 
but  if  the  two  stars  of  6  Eridani  or  f  Ursse  be  as  remote 
from  one  another  as  the  nearest  fixed  star  is  from  the 
sun,  the  velocity  of  the  revolving  stars  must  exceed  the 
powers  of  imagination.  The  discovery  of  the  elliptical 
motion  of  the  double  stars  excites  the  highest  interest,  since 
it  shows  that  gravitation  is  not  peculiar  to  our  system  of 
planets,  but  that  systems  of  suns  in  the  far  distant  regions 
of  the  universe  are  also  obedient  to  its  laws. 

Besides  revolutions  about  one  another,  some  of  the 
Mnary  systems  are  carried  forward  in  space  by  a  motion 
common  to  both  stars,  towards  some  unknown  point  in 
the  firmament.  The  two  stars  of  6l  Cygni,  which  are 
nearly  equal,  and  have  remained  at  the  distance  of  about 
15^^  from  each  other  for  fifty  years,  have  changed  their 
place  in  the  heavens  during  that  period,  by  4^  23^^,  with 
a  motion  whicb  for  ages  must  appear  uniform  and  rectili- 
near: because,  even  if  the  path  be  curved,  so  small  a  portion 
of  it  must  appear  a  straight  line  to  us.  The  single  stars 
also  have  proper  motions,  yet  so  minute  that  the  trans, 
lation  of  fA  Cassiopeise,  of  3^^*74  annually,  is  the  greatest 
yet  observed  :  but  the  enormous  distances  of  the  stars  make 
motions  appear  small  to  us  which  are  in  reality  very  great. 
Sir  William  Herschel  conceived  that>  among  many  irre- 
gularities, the  motions  of  the  stars  have  a  general  tendency 
towards  a  point  diametrically  opposite  to  that  occupied  by 
the  star  ^  Herculis,  which  he  attributed  to  a  motion  of  the 
solar  system  in  the  contrary  direction.  Should  this  really 
be  the  case,  the  stars,  from  the  effects  of  perspective  alone, 
would  seem  to  diverge  in  the  direction  to  which  we  are 
tending,  and  would  apparently  converge  in.  lV\^  «^^<^  ^^ 
leave,  and  there  would  be  a  regiulaxity  m  lik^^  «^^«t«c& 


■notions  which  would  in  time  be  iletected  ;  but  if  the  soiar 
system  and  the  whale  of  the  stars  visible  to  us  be  canieil 
forward  in  Bpace  by  3  motion  commori  to  til,  like  ship! 
drifting  in  a  current,  it  would  be  impossible  for  us,  numog 
with  the  rest,  to  ascertain  its  direction.  There  can  be  do 
doubt  of  the  progressive  motion  of  the  sun  and  anis,  bat 
aidereaf  astronomy  is  not  far  enough  advanced  to  deta- 
Riine  what  relations  these  bear  to  one  another;  11  >ill 
however  be  known  in  the  course  of  time  from  the  orbiB 
of  the  revolving  stars  of  the  binary  systems.  For  if  ibe 
M>lar  system  be  in  motion,  some  of  the  stellar  orbits  whicb, 
by  the  effects  of  perspective  appear  to  us  to  be  stnighl 
lines,  will,  after  a  time,  open  and  become  elliptic^  bj 
Dur  change  of  place ;  while  others  which  now  appear  to 
be  open  will  close,  or  open  wider  ;  stars  also  which  DO* 
occult,  or  hide  one  another  in  certain  points  of  their  ottntt, 
will,  in  time,  cease  tn  do  so.  The  directions  and  magni- 
tude of  these  changes  will  no  doubt  show  the  motion  of 
our  system,  to  what  point  it  is  tending,  and  the  velocity 
with  which  it  moves. 

Possibly  among  the  multitudes  of  small  stars,  whelhit 
double  or  insulated,  some  may  be  found  near  enough  Id 
exhibit  distinct  parallactic  motions,  arising  from  the  revdn- 
tion  of  the  earth  in  its  orbit.  Of  two  stars  apparently  in 
close  approximation,  one  may  be  far  behind  the  other  in 
space.  These  may  seem  near  to  one  another  when  *ie«td 
from  the  earth  in  one  part  of  its  orbit,  but  may  Kpanit 
widely  when  seen  from  the  earth  in  another  posititn,  jut 
as  two  terrestrial  objects  appear  to  be  one  when  viewed  in 
the  same  straight  line,  but  separate  as  the  observer  dtango 
his  position.  In  this  case  the  stars  would  not  hare  niJ, 
but  only  apparent  motion.  One  of  them  would  aeem  to 
oscillate  annually  to  and  fro  in  a  straight  line  on  eub 
side  of  the  other  —  a  motion  which  could  not  be  mistaken 
for  that  of  a  binai^  s^atewv,  "tfBete  «t»  ■ 
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ellipse  ftbout  the  othei*^  or^  if  the  edge  of  ike  otbit  be  turned 
towards  the  earth,  where  the  oscillations  require  years  for 
their  accomplishment.  Such  parallax  does  not  yet  appear  to 
have  been  made  out^  so  that  the  actual  distance  of  the  stars 
H  still  a  matter  of  conjecture. 

This  method  of  finding  the  distances  of  the  fixed  stars 
was  proposed  by  Galileo^  and  attemptad  by  Dr.  Long 
without  success.  Sir  William  Herschel  afterwards  applied 
it  to  some  of  the  binary  groups ;  and  though  he  did  not 
find  the  thing  he  sought  for,  it  led  to  the  discovery  of  die 
orbitual  motions  of  the  double  stars. 

Though  the  absolute  distance  of  the  stars  is  still  a  desi- 
deratum^ a  limit  has  been  found  under  which,  probably, 
none  of  them  come.  It  was  natural  to  suppose  that  in 
general  the  large  stars  are  nearer  to  the  earth  than  the 
small  ones ;  but  there  is  now  reason  to  believe  that  some 
stars,  though  by  no  means  brilliant,  are  nearer  to  us 
than  others  which  shine  with  greater  splendour.  This  is 
inferred  from  the  comparative  velocity  of  their  motions. 
All  the  stars  have  a  general  motion  of  translation,  whidi 
tends  ultimately  to  mix  the  stars  of  the  difibrent  constel- 
lations, but  none  that  we  know  of  moves  so  rapidly  as  6l 
Oygni ;  and  on  that  account  it  is  reckoned  to  be  nearer 
to  us  than  any  other,  for  an  object  seems  to  move  more 
quickly  the  nearer  we  are  to  it.  This  circumstance  induced 
MM.  Arago  and  Mathieu  to  endeavour  to  determine  its 
annual  parallax,  that  is,  to  ascertain  what  magnitude  the 
diameter  of  the  earth's  orbit  would  have  as  seen  from  the 
star^  and  from  that  to  compute  its  distance  from  the  earth.  ^ 
They  found  by  observation,  that  the  earth's  diameter  of 
190  millions  of  miles  would  be  seen  from  the  star  under 
an  angle  of  only  half  a  second,  whence  6l  Cygni  must  be 
at  the  distance  of  412  millions  of  times  I90  millions  of 
miles  from  the  earth,  —  a  distance  which  light,  fi^vQ%  \kX. 

1  Note  Sis. 
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the  rate  of  I9O1OOO  miles  in  a  second,  waulil  not  pass  ovtt 
in  less  than  six  years.  This  is  the  smaUest  distant  11 
which  the  star  can  he ;  how  much  greater  its  real  diiiancs 
may  he  it  is  imposeible  to  say. 

The  apparent  motion  of  five  seconds  annually  wliich  ihii 
star  haSj  seems  to  us  to  he  extremely  small,  hut  »t  thitdi*. 
tance  an  angle  of  one  second  correEiponds  to  tnentT-fov 
millions  of  miUions  of  miles ;  consequently  the  anmul 
motion  of  61  Cygni  is  one  hundred  and  twenty  miUioDi  of 
millions  of  miles,  and  yet,  as  M.  Araga  observes,  ne  cill 
it  a  fixed  star  ! 

All  the  ordinary  methods  fail  when  the  distinras  uf 
so  enormous.  An  angle  oven  of  two  or  ihree  seonili, 
viewed  in  the  focus  of  our  lai^eat  telescopes,  does  not  equil 
the  thickness  of  a  spider's  thread,  which  makes  it  io- 
poBsible  to  measure  such  minute  quantities  with  tni 
degree  of  accuracy.  In  some  cases,  however,  the  Inliarj 
systems  of  stars  furnish  a  molliod  of  estimatin!;  an  ingle 
of  even  the  tenth  of  a  second,  which  is  thirty  linwi 
more  accurate  than  by  any  other  means.  Prom  (bem 
the  actual  distances  of  some  of  the  stars  will  ultimUd} 
he  known. 

Suppose  that  one  star  revolves  shout  another  in  an  orUl 
which  is  so  obliquely  seen  from  the  earth  as  to  look  like  an 
eUipse  in  a  horizontal  position,  then  it  is  clear  that  ont 
half  of  the  orbit  will  be  nearer  to  us  than  the  other  htl£ 
Now,  in  consequence  of  the  time  which  light  takes  to  tnrd, 
we  always  see  the  satellite  star  in  a  place  which  il  bu 
aheady  left.  Hence  when  that  star  sets  out  from  the  point 
of  its  orbit  which  is  nearest  to  us,  its  light  will  take  mote 
and  more  time  to  come  to  us  in  proportion  as  the  star 
moves  round  to  the  most  distant  point  in  its  orbit  On 
that  account  the  star  will  appear  to  us  to  take  more  time 
in  moving  through  that  half  of  its  orbit  than  it  reiUj 
does.      Exacilj  fee  «Ki«a.T^  \.A.**.  ^»Ra  va'Cftt  y&asWf, 
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For  the  light  will  take  less  and  less  time  to  arrive  at 
the  earth  in  proportion  as  the  star  approaches  nearer  to 
us^  and  therefore  it  will  seem  to  move  through  this  half 
of  its  orhit  in  less  time  than  it  really  does.  This  cir- 
cumstance famishes  the  means  of  finding  the  absolute 
breadth  of  the  orbit  in  miles,  and  from  that  the  true 
distance  of  the  star  from  the  earth.  For^  since  the 
greatest  and  least  distances  of  the  satellite  star  froip  the 
earth  differ  by  the  breadth  of  its  orbit^  the  time  which 
the  star  takes  to  move  from  the  nearest  to  the  remotest 
point  of  its  orbit  is  greater  than  it  ought  to  be,  by  the 
whole  time  its  light  takes  to  cross  the  orbit,  and  the 
period  of  moving  through  the  other  half  is  exactly  as  much 
less.  Hence  the  difi*erence  between  the  observed  times  of 
these  two  semi-revolutions  of  the  star  is  equal  to  twice  the 
time  that  its  light  employs  to  cross  its  orbit ;  and  as  we 
know  the  velocity  of  light,  the  diameter  of  the  orbit  may 
be  found  in  miles,  and  from  that  its  whole  dimensions. 
For  the  position  of  the  orbit  with  regard  to  us  is  known  by 
observation,  as  well  as  the  place,  inclination,  and  apparent 
magnitude  of  its  major  axis,  or,  which  is  the  same  thing, 
the  angle  under  which  it  is  seen  from  'the  earth.  Since 
then,  three  things  are  known  in  this  great  triangle,  namely, 
the  base  or  major  axis  of  the  orbit  in  miles,  the  angle 
opposite  to  it  at  the  earth,  and  the  angle  it  makes  with  the 
visual  ray,  the  distance  of  the  satellite  star  from  the  earth 
may  be  found  by  the  most  simple  of  calculations.  The 
merit  of  having  first  proposed  this  very  ingenious  method 
of  finding  the  distances  of  the  stars  is  due  to  M.  Savary  ; 
but  unfortunately  it  is  not  of  general  application,  as  it  de- 
pends upon  the  position  of  the  orbit,  and  even  then  a  long 
time  must  elapse  before  observation  can  furnish  data^  since 
the  shortest  period  of  any  revolving  star  that  we  know  of 
is  thirty  years :  still  the  distances  of  a  vast  uuco^x  ^1 
stars  may  he  ultimately  made  out  in  \ll[i\&  t^v]  \  vss^  ^^  ^^^ 


important  disuovery  almost  alwafii  leads  to  anattver,  ihni 
miueB  may  thus  be  weighed  against   that   of   the  eutb 

The  only  data  employed  for  finding  the  mass  of  the 
earth,  as  corapared  with  that  of  the  sun,  are  the  anguUi 
motion  of  our  globe  round  the  aun  in  a  second  of  tint, 
and  the  distance  of  the  enrth  from  Che  sun  in  mils.' 
Now  by  the  observations  of  the  binary  systems,  ire  kow 
the  angulu-  velocity  of  the  small  star  round  the  great  cm  ; 
and  when  we  know  the  distance  between  the  two  sisn  in 
miles,  it  will  be  easy  to  compute  how  many  miles  the  anall 
star  would  fall  through  by  the  attraction  of  the  great  me 
in  a  second  of  time.  A  comparison  of  thia  space  with  ibt 
•pace  which  the  earth  would  deacend  through,  in  a  fevxii 
towards  the  »un,  will  give  the  ratio  of  the  mass  of  the 
great  star  to  that  of  the  sun  or  earth. 

If  it  be  considered  that  all  the  donhle  Etars  appear  sin^ 

to  the  nalicil  eyi.-.  aiid  with  ordinHry  instruments,  and  that 

n  requires  tho  highest  powers  of  the  very  best  telescopes  la 

separate  the  greater  number  of  them,  the  extreme  beiutj 

of   the    ingenuity  and  refraction  necessary   to  draw  such 

profound  results  from  their  motions  may  be  in  some  i\egnr 

IP      ■  t  "1 

rh     1     bl     t  f  us  hues,  but  lliey  matt  fn- 

<!      tly     1  b  t  tl  1  colours.     The  large  sur  ii 

^        ally  y  11  w  g  ed  ;  and  the  small  scar  blue, 

p     pi  g  ee         S  a  white  star  is  combinnl 

tl       bl  P     pl  1  ™  fe  rarely  a  red   and  white 

1        I  y  hese  appearances  are  due  to 

1         fl  f  judgment  of  colours.    I'ot 

mpl  bse        g     d     bl    star,  where  the  large  one  it 

full  ruby     d         Im      bl     1  colour,  and  the  small  ok 

h      g  ee      th    1  t       I  ts  colonr  when  the  former  i» 

hdbyth  isw  fh     telescope.      BuC  there  am 
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a  vast  number  of  instances  where  the  colours  are  too 
strongly  marked  to  he  merely  imaginary.  Sir  John  Her- 
schel  observes  in  one  of  his  papers  in  the  Philosophical 
Transactions^  as  a  Very  remarkable  fact^  that^  although  red 
stars  are  common  enough^  no  example  of  a  solitary  blue^ 
green^  or  purple  one  has  yet  been  produced. 

The  stars  are  scattered  very  irregularly  over  the  firma- 
ment.   In  some  places  they  are  crowded  together^  in  others 
thinly  dispersed.      A  few  groups  more  closely  condensed 
form  very  beautiful   objects   even   to  the  naked  eye,  of 
which  the  Pleiades  and  the  constellation  Coma  Berenices 
are  the  most  striking  examples ;  but  the  greater  number  of 
these  clusters  of  stars  appear  to  unassisted  vision  like  thin 
white  clouds  or  vapour :  such  is  the  milky  way,  which, 
as  Sir  William  Herschel  has  proved,  derives  its  brightness 
from  the  diffused  light  of  the  myriads  of  stars  that  form  it. 
Most  of  these  stars  appear  to  be  extremely  small,  on  account 
of  their  enormous  distances;  and  they  are  so  numerous, 
that  according  to  his  estimation,  no  fewer  than  50,000 
passed  through  the  field  of  his  telescope  in  the  course  of 
one  hour  in  a  xone  9P  broad.     This  singular  portion  of  tlie 
heavens,  constituting  part  of  our  firmament,  consists  of  an 
extensive  mass  of  stars,   whose  thickness  is  small  com- 
pared with  its  length  and  breadth;  the  earth  is  placed 
near  the  point  where  it  diverges  into  two  branches,  and  it 
appears  to  be  much  more  splendid  in  the  Southern  henii. 
sphere  than  in  the  Northern.      Sir  John  Herschel  says, 
'^  The  general  aspect  of  the  Southern  circumpolar  regions 
(including  in  that  expression  60°  or  70°  of  South  polar 
distance)  is  in  a  high  degree  rich  and  magnificent,  owing 
to  the  superior  brilliancy  and  large  developement  of  the 
milky  way,  which,  from  the  constellation  of  Orion  to  that 
of  Antinous  is  a   blaze   of  light,    strangely  interrupted 
however  with  vacant  and  entirely  starless  patches,  es^je- 
cially  in  Scorpio,  near  Alpha  Cenlavm   «LX\<i  ^^  C,xw»v 
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while  to  the  north  it  fades  away  pale  and  dim,  and  i>  in 
compariflon  hsrdi;  traceable.  I  think  it  is  impoKiUc  la 
view  this  splendid  zone,  with  the  aEtonishingly  rich  and 
evenly  distrihulei!  fringe  of  stars  of  the  3rd  sod  ilk 
magnitude,  which  Soira»  a  broad  skirt  to  its  southen 
border  like  a  vast  curtain,  witliout  an  impression  amount- 
ing almost  to  conviction,  that  the  milky  way  ia  not  s  mere 
stratum,  but  annular,  or  at  least  that  our  system  is  pbori 
within  one  of  the  poorer  or  almost  vacatit  parts  at  in 
general  mass,  and  that  eccentrically,  so  as  to  I)f  mucll 
nearer  to  the  region  about  the  Cross,  than  to  that  dime- 
trically  opposite  to  it."  The  cluster,  of  which  our  lan  ji 
a  member,  and  which  includes  the  milky  way,  and  *U  ibl 
itars  that  adorn  our  sk},  must  be  of  enurmoiu  nxvtS, 
aince  the  sun  is  more  than  twenty  millions  of  miUiom  rf 
miles  from  the  nearest  of  them  ;  and  the  other  saa, 
though  apparently  so  close  tt^ether,  are  probably  sepinHJ 
fnim  one  another  by  distaiici-s  e:|ually  proat.  In  the  iiiliTviLi 
between  the  stars  of  our  own  system  and  far  in  tlie  dcplhl 
of  space,  many  clusters  of  stars  may  be  seen  like  whilr 
clouds,  or  round  comets  without  tails,  either  by  unassi&tcd 
vision  or  with  ordinary  telescopes  ;  but,  seen  with  power- 
ful instruments.  Sir  John  Herschel  describes  them  as  con- 
veying the  idea  of  a  globular  space  insulated  iti  tbt 
heavens  and  filled  full  of  stars,  constituting  a  faniilj  or 
society  apart  from  the  rest,  subject  only  to  its  own  intenial 
laws.  To  attempt  to  count  the  stars  in  one  of  that 
globular  clusters,  he  says,  would  be  a  vain  task,  —  thil 
diey  are  not  to  be  reckoned  by  hundreds,  —  on  a  rough 
computation,  it  appears  that  many  clusters  of  this  de- 
scription must  contain  ten  or  twenty  thousand  stars  com- 
pacted and  wedged  togeiher  in  a  round  space,  wbo«c  irei 
is  not  more  than  a  tenth  part  of  that  covered  b;r  <''' 
moon  ;  so  that  its  centre,  where  the  stars  are  seen  pro- 
jected on  each  oltei,  vs  one  \i\»ic  oi  \i'^v,i      If  etch  of 
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these  stars  be  a  sun^  and  if  they  he  separated  by  intervals 
equal  to  that  which  separates  our  sun  from  the  nearest 
fixed  star^  the  distance  which  renders  the  whole  cluster 
barely  visible  to  the  naked  eye  must  be  so  great^  that  the 
existence  of  this  splendid  assemblage  can  only  be  known 
to  us  by  light  which  must  have  left  it  at  least  a  thousand 
years  ago.  Occasionally  clusters  are  so  irregular  and 
so  undefined  in  their  outline^  as  merely  to  suggest  the  idea 
of  a  richer  part  of  the  heavens.  These  contain  fewer 
stars  than  the  globular  clusters^  and  sometimes  a  red  star 
forms  a  conspicuous  object  among  them.  Sir  William 
Herschel  regarded  them  as  the  rudiments  of  globular 
clusters  in  a  less  advanced  state  of  condensation^  but  tend- 
ing to  that  form  by  their  mutual  attraction. 

Multitudes  of  nebulous  spots  are  to  be  seen  on  the  dear 
vault  of  heaven,  which  have  every  appearance  of  being 
clusters  like  those  described^  but  are  too  distant  to  be 
resolved  into  stars  by  the  most  excellent  telescopes.  Vast 
numbers  also  appear  to  be  matter  in  the  highest  possible 
degree  of  rarefaction^  giving  no  indication  whatever  of  a 
stellar  nature.  These  are  in  every  state  of  condensation^ 
from  a  vague  film  hardly  to  be  discerned  with  telescopes 
of  the  highest  powers^  to  such  as  seem  to  have  actually 
arrived  at  a  solid  nucleus.  This  nebulous  matter  exists  in 
vast  abundance  in  space.  No  fewer  ban  2000  nebulie  and 
clusters  of  stars  were  observed  by  Sir  William  Herschel, 
whose  places  have  been  computed  from  his  observations^ 
reduced  to  a  common  epoch,  and  arranged  into  a  catalogue 
m  order  of  right  ascension  by  his  sister.  Miss  Caroline 
Herschel,  a  lady  eminent  for  astronomical  knowledge 
and  discovery.  Six  or  seven  hundred  nebulae  have  already 
been  ascertained  in  the  southern  hemisphere  ;  of  these  the 
Magellanic  clouds  are  the  most  remarkable.  The  nature 
and  use  of  this  nebulous  matter,  scattered  o\ei  \)Ci^\v&vi^xw<& 
in  such  a  variety  of  forms,  is  in'volved  m  \5cv^  ^caX^sX 
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obscurity.  That  it  ib  a  self- luminous,  phwphoKiRD^ 
material  substance,  in  a  highly  dilated  or  gaseous  tut^ 
but  gradually  subsiding  by  the  mutual  gravitaiion  of  iti 
particles  into  stars  and  sidereal  syslemE,  is  tbe  liypothrM 
luoBt  generally  received.  And  indeed  this  is  the  fajpa- 
thesis  of  La  Place  with  regard  to  the  origin  of  the  m 
lystem,  which  he  conceived  to  be  formed  by  the  niccoi'C 
condensations  of  a  nebitla,  whose  primeval  rotitioii  it 
matnlained  tn  the  rotation  and  revolution  of  tbe  stin  and  oB 
the  bodies  of  tbe  solar  lystem  in  the  same  direction,  i 
at  this  day  there  is  presumptive  evidence  in  the  slnicRai 
and  internal  heat  of  the  earth,  of  its  having  been  M 
period  in  a  gaseous  state  from  intenaely  high  ternperatui* 
But  the  only  way  that  any  real  knowledge  on  this  loj* 
leriouj  subject  can  he  obtained  is  by  the  dctcrmiiutiaa  of 
the  form,  place,  and  present  state  t>f  each  indiTidfll 
nebula ;  and  o  comparison  of  these  with  future  ohservitl 
will  show  generations  to  come  the  changes  that  may  no"  be 
going  on  in  these  supposed  rudiments  of  future  systeiw- 
With  this  view.  Sir  John  Herschel  began  in  die  year  182S 
the  arduous  and  pious  task  of  revising  his  iilustrion] 
father's  observations,  which  he  finished  a  short  time  beAm 
he  sailed  for  the  Cape  of  Good  Hope,  in  order  to  ditcloM 
the  mysteries  of  the  southern  hemisphere  :  indeed,  tm 
firmament  seems  to  be  exhausted  till  farther  improveoicnit 
in  the  telescope  shall  enable  astronomers  to  penetnlc 
deeper  into  space.  In  a  truly  splendid  paper  read  befme 
the  Royal  Society  on  the  2lBt  of  November,  1833,  be 
gives  the  places  of  2500  nebulffi  and  clusters  of  stait.  Of 
these  500  are  new,  —  the  rest  he  mentiona  with  pnoiitr 
pleasure  as  having  been  most  accurately  determined  by  Ui 
father.  This  work  is  the  more  extraordinary,  at  frao 
bad  weather,  fogs,  twilight,  and  moonlight,  these  shtdowj 
appearances  ftTe  noV  >iV=\>ie,  mi  itv  vttTw^,  in  this  country. 
aboTe  thirty  iiig\itt  \tt  ftie  1««t> 
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The  nebuls  have  great  variety  of  forms.  Vast  multi. 
tudes  are  so  faint  as  to  be  with  difficulty  discerned  at  all 
till  they  have  been  for  some  time  in  the  field  of  the  tele. 
scope^  or  are  just  about  to  quit  it.  Occasionally  they  are 
so  vague  that  the  eye  is  conscious  of  somethings  without 
being  able  to  define  what  it  is ;  but  the  unchangeableness 
of  its  position  proves  that  it  is  a  real  object.  Many  pre- 
sent a  large  ill-defined  surface^  in  which  it  is  difficult  to 
say  where  the  centre  of  the  greatest  brightness  is.  Some 
cling  to  stars  like  wisps  of  cloud;  others  exhibit  the 
wonderful  appearance  of  an  enormous  fiat  ring  seen  very 
obliquely^  with  a  lenticular  vacancy  in  the  centre.^  A 
very  remarkable  instance  of  an  annular  nebula  is  to  be 
Ken  exactly  half-way  between  j8  and  7  Lyrs.  It  is 
elliptical  in  the  ratio  of  4  to  5^  and  is  sharply  defined^  the 
internal  opening  occupying  about  half  the  diameter.  This 
opening  is  not  entirely  dark^  but  filled  up  with  a  faint 
hazy  light,  aptly  compared  by  Sir  John  Herschel  to  fine 
gauze  stretched  over  a  hoop.^  There  is  a  very  remarkable 
nebula  in  Orion,  in  which  there  is  some  reason  to  believe 
that  a  new  star  has  recently  appeared.  Two  nebuls  are 
described  as  most  amazing  objects :  —  One  like  a  dumb- 
bdl  or  hour-glass  of  bright  matter,  surrounded  by  a  thin 
hazy  atmosphere,  so  as  to  give  the  whole  an  oval  form,  or 
the  appearance  of  an  oblate  spheroid.  This  phenomenon 
l)ears  no  resemblance  to  any  known  object.  ^  The  other 
eonsists  of  a  bright  round  nucleus,  surrounded  at  a  dis- 
tance by  a  nebulous  ring  split  through  half  its  circum- 
lerence^  and  having  the  split  portions  separated  at  an 
angle  of  45^  each  to  the  plane  of  the  other.  This  nebula 
bears  a  strong  similitude  to  the  milky  way,  and  suggested 
to  Sir  John  Herschel  the  idea  of  a  ^'  brother  system  bear- 
ing a  real  physical  resemblance  and  strong  analogy  of 
structure  to  our  own.'''^     It  appeax%  l^&X.  ^o\J^^  \i€ss^«t 

i  Note  226.  «  Note  227.  ^llote^Sa.  ^^oVA'fia. 
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are  not  unfrequetit,  exhibiting  all  the  vsrieties  of  distancf. 
position,  and  relative  brightness  with  their  counterpaTls 
the  double  slars.  The  rarity  of  single  nebula  ax  hrp, 
faint,  and  as  little  condensed  in  the  centre  as  these,  mika 
it  extremely  iniprabable  that  two  aucb  bodies  ahiHiid  be 
accidentally  so  near  as  to  touch,  and  often  in  jrarl  to  oi«- 
lap  each  other  as  these  do.  It  is  much  more  lively  thu 
tbey  constitute  systems;  and  if  bo,  it  will  rorm  an  ia- 
terEBtitig  subject  of  future  inquirer  to  discover  wbellm 
they  poBsess  orbitual  motion. 

Stellar  nebiils  form  another  class.  These  have  a  rontid 
or  oval  shape,  increasing  in  density  towards  the  KOtn. 
Sometimes  the  matter  is  so  rapidly  condensed  as  to  giw 
the  whole  the  appearance  of  a  star  with  a  blur,  or  likt  I 
«andle  shining  through  horn.  In  some  instancn  the 
central  matter  is  bo  highly  and  suddeoly  condensed,  H 
vivid  and  sharply  defineJ,  that  the  nebula  might  be  tiloi 
for  a  bright  star  surrounded  by  a  thin  atmosphere.  Sncii 
are  nebulous  stars.  The  zodiacal  light,  or  lenticulu- 
sbaped  atmosphere  of  the  sun,  which  may  be  seen  ei- 
tending  beyond  the  orbits  of  Mercury  and  Venus  soon 
after  sunset  in  the  months  of  April  and  May,  is  suppOKil 
to  be  a  condensation  of  the  ethereal  medium  by  his  at. 
tractive  force,  and  seems  lo  place  our  sun  among  the  cli» 
of  stellar  nebulie.  The  stellar  nebulie  and  nebulous  ttin 
assume  all  degrees  of  ellipticily.  Not  unfrequently  tbej 
are  long  and  narrow,  like  a  spindle-shaped  ray,  witli  i 
bright  nucleus  in  the  centre. '  The  last  class  mentiooed 
by  Sir  John  Herschel  are  the  planetary  nebula.  Thew 
bodies  have  exactly  the  appearance  of  planets,  with  sensiUj 
round  or  oval  discs,  sometimes  sharply  terminated,  at  other 
times  hazy  and  ill  defined.  Their  surface,  which  is  blue 
or  bluish'white,  is  equable  or  slightly  mottled,  and  their 
light  occiBiOTiiffl^  Ti\a\^  \VaJ.  ol  *.«  ^lanela   in   vividne«s. 
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They  are  generally  attended  by  minute  stars^  vthich  give 
the  idea  of  accompanying  satellites.  These  nebuls  are  of 
enormous  dimensions.  One  of  them  near  y  Aquarii^  has 
a  sensible  diameter  of  about  20^^^  and  another  presents  a 
diameter  of  IS^''.  Sir  John  Herschel  has  computed  that^ 
if  these  objects  be  as  far  from  us  as  the  stars^  their  real 
magnitude^  on  the  lowest  estimation^  must  be  such  as 
would  fill  the  orbit  of  Uranus.  He  concludes  that,  if 
they  be  solid  bodies  of  a  solar  nature,  their  intrinsic  splen- 
dour must  be  greatly  inferior  to  that  of  the  sun,  because  a 
circular  portion  of  the  sun's  disc,  subtending  an  angle  of 
20'^,  would  give  a  light  equal  to  that  of  a  hundred  full 
moons ;  while,  on  the  contrary,  the  objects  in  question 
are  hardly,  if  at  all,  visible  to  the  naked  eye.  From  the 
uniformity  of  the  discs  of  the  planetary  nebulse,  and  their 
want  of  apparent  condensation,  he  presumes  that  they 
may  be  hollow  shells,  only  emitting  light  from  their 
surfaces. 

The  existence  of  every  degree  of  ellipticity  in  the 
nebulae  —  from  long  lenticular  rays  to  the  exact  circular 
form,  —  and  of  every  shade  of  central  condensation  — 
from  the  slightest  increase  of  density  to  apparently  a 
solid  nucleus,  —  may  be  accounted  for  by  supposing  the 
general  constitution  of  these  nebulse  to  be  that  of  oblate 
spheroidal  masses  of  every  degree  of  flatness,  from  the 
sphere  to  the  disc,  and  of  every  variety  in  their  density 
and  ellipticity  towards  the  centre.  It  would  be  erroneous, 
however,  to  imagine  that  the  forms  of  these  systems  are 
maintained  by  forces  identical  with  those  already  described, 
which  determine  the  form  of  a  fluid  mass  in  rotation  ;  be- 
cause, if  the  nebuls  be  only  clusters  of  separate  stars,  as 
in  the  greater  number  of  cases  there  is  every  reason  to 
believe  them  to  be,  no  pressure  can  be  propagated  through 
them.  Consequently,  since  no  general  rotaLtiow  qI  «»aL^  "^ 
system  as  one  mass  can  be  supposed,  it  iu«.^  \i^  twvsfcvi^^ 
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to  be  a  quiescent  fom,  coinprising  within  its  UmiU  a: 
definite  multitude  af  stars,  each  of  which  mav  be  monig 
in  an  orbit  about  the  common  centre  of  the  whole,  in 
virtue  of  a  law  of  internal  gravitation  resulting  from  the 
compound  gravitation  Of  all  its  parts.  Sir  John  Hetwbel 
has  proved  that  the  esistenoe  of  such  a  syatem  is  not  ii 
sietetit  with  the  law  of  gritvjtatian  under  certain  condilioiii. 

The  diatribution  of  the  nebuliG  over  the  heavens  is  etf 
more  irregular  than  that  of  the  stars.       In   some  [i]lM 
they  arc  so  crowdL-d  together  as  scarcely  to  allow  one  I 
pass  through  the  field  of  the  telescope  before  another  ip- 
pears,  while  in  other  parts  hours   elapse  without  ■  sin^ 
nehula  occurring.      They  are  in   general   only  to  be  ji 
with  the  very  best  telescopes,  and  are  roost   abundinl  ii 
Kone   whose   general   direction   is  cot  far   from  the  hi 
circles  0**  and  13'',  and  which  crmtes  the  milky  way  ntiit]> 
at  right  angles.     Where  thai  uoue  croasea  the  conilfHl- 
tiL'Ti'i  Vir-o,   Coin.i   Tleronic-es,,   ami   llie   Oreiit   R.vtr.  tky 
are  to  he  found  in  multitudes. 

Such  is  a  brief  account  of  the  discoveries  contaiitediii 
Sir  John  Herschel's  paper,  which,  for  sublimity  of  virti 
and  patient  investigation,  has  not  been  surpassed.  To 
him  and  to  Sir  William  Herschel  we  owe  almost  all  tin 
i^  known  of  sidereal  astronomy  ;  and  in  the  inimitihk 
works  of  that  highly  gifted  father  and  son,  the  reader  «ill 
find  this  subject  treated  of  in  a  style  alti^ether  worthy  of 
it,  and  of  ihem. 

Sir  John  Herschel  has  discovered  some  new  and  wonder 
ful  objects  in  the  southern  hemisphere.  Among  othert  i 
beautiful  planetary  nebula,  having  a  perfectly  sharp,  wtB 
defined  disc  of  uniform  brightness,  exactly  like  a  «ni»ll 
planet  with  a  satellite  near  its  edge.  Another  is  men- 
tioned as  being  very  extraordinary  from  its  blue  tint ;  but 
by  far  ibe  moKl  Bin^viUt  is  a  close  double  star  centnll? 
involved  in  a  ne\i\i\oas  Mmtni^\*«tt. 
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So  numerous  are  the  objects  which  meet  our  view  in 
the  heavens^  that  we  cannot  imagine  a  part  of  space  where 
acme  light  would  not  strike  the  eye ;  —  innumerable  stars^ 
thousands  of  double  and  multiple  systems^  clusters  in  one 
blaze  with  their  tens  of  thousands  of  stars^  and  the  nebule 
amazing  us  by  the  strangeness  of  their  forms  and  the  in- 
comprehensibility of  their  nature^  till  at  last^  from  the 
limit  of  our  senses^  even  these  thin  and  airy  phantoms 
vanish  in  the  distance.  If  such  remote  bodies  shone  by 
reflected  lights  we  should  be  unconscious  of  their  existence. 
£ach  star  must  then  be  a  sun^  and  may  be  presumed  to 
have  its  system  of  planets^  satellites^  and  comets^  like  our 
own  ;  and^  for  aught  we  know^  m3rriads  of  bodies  may  be 
wandering  in  space  unseen  by  us,  of  whose  nature  we  can 
form  no  idea^  and  still  less  of  the  part  they  perform  in  the 
economy  of  the  universe.  Even  in  our  own  system,  or  at 
its  farthest  limits^  minute  bodies  may  be  revolving  like  the 
new  planets^  which  are  so  small  that  their  masses  have 
hitherto  been  inappreciable,  and  there  may  be  many  still 
smaller.  Nor  is  this  an  unwarranted  presumption  ;  many 
such  do  come  within  the  sphere  of  the  earth's  attraction, 
are  ignited  by  the  velocity  with  which  they  pass  through 
the  atmosphere,  and  are  precipitated  with  great  violence 
on  the  earth.  The  fall  of  meteoric  stones  is  much  more 
frequent  than  is  generally  believed.  Hardly  a  year  passes 
without  some  instances  occurring  ;  and  if  it  be  considered 
that  only  a  small  part  of  the  earth  is  inhabited,  it  may  be 
presumed  that  numbers  fall  in  the  ocean,  or  on  the  un- 
inhabited part  of  the  land,  unseen  by  man.  They  are 
sometimes  of  great  magnitude ;  the  volume  of  several  has 
exceeded  that  of  the  planet  Ceres,  which  is  about  70 
miles  in  diameter.  One  which  passed  within  25  miles 
of  us  was  estimated  to  weigh  about  600,000  tons,  and 
to  move  with  a  velocity  of  about  20  miles  in  a  second  — 
a  fragment  of  it  alone  reached  tlie  e&T\)[i.    TV^  ^^\s;^^ 
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of  the  descent  of  meteorites,  the  peculiar  substancts  thej 
composed  of,  and  the  explosion  accompanying  itei 
fall,  show  that  they  are  foreign  to  our  system.  Luminoo! 
spots,  alU^ethcr  independent  of  the  phases,  hiive  mtj- 
sionally  appeared  on  the  dark  part  of  the  moon ;  litex 
have  been  ascribed  to  the  light  arising  from  the  erup^ 
of  volcanos  ;  whence  it  hes  been  supposed  that  meleoriw 
have  bi'en  projected  from  the  moon  by  the  impetus  of  mI- 
canic  eruption.  It  has  even  been  computed,  thai  if  a  ctonc 
were  projected  from  the  moon  in  a  vertical  line,  with  w 
initial  velocity  of  10,992  feet  in  a  second,  — ^raore  ihu 
four  times  the  velocity  of  a  ball  when  first  djschwpd 
from  a  cannon,  —  instead  of  falling  back  to  the  moon  t] 
the  attraction  of  gravity,  it  would  come  within  the  i^ttat 
of  the  earth's  attraction,  and  revolve  about  it  Uk»  • 
satellite.  These  bodies,  impelled  rither  by  the  dincttm 
of  the  primitive  impulse,  or  by  the  disturbing  aetiaii  <f 
the  sun,  miglit  ultimately  ponctralc  tile  earth's  aliiiosphiTt, 
and  arrive  at  iti^  surface,  but  it  is  much  more  probiUc 
that  they  are  asteroides  revolving  about  the  sun,  and  di* 
verted  from  their  course  by  some  disturbing  force ;  at  ill 
events,  they  must  have  a  common  origin,  from  the  uni- 
formity —  we  may  almost  say  identity  —  of  their  chemial 
composition. 

Shooting  stars  and  meteors  differ  from  aerolites  in  sevcnl 
respects.  They  burst  from  the  clear  azure  sky,  and  dut 
ing  along  the  heavens,  are  extinguished  without  leaving 
any  residuum,  except  a  vapour-like  smoke,  and  gcnenDj 
without  noise.  Their  parallax  shows  them  to  be  v«j 
high  in  the  atmosphere,  Eometimes  even  beyond  its  mp- 
posed  limit,  and  the  direction  of  their  motion  is  for  the 
most  part  diametrically  opposite  to  ihe  motion  of  the  ewtli 
in  its  orbit.  The  astonishing  multitudes  of  shooting  si»i» 
an<I  fire  halls  that  have  appeared  within  these  few  yean 
at  stated  petVoAa  ovei  lX\e  Kmevvtmi  uKv>;\t«ai,,  and  other 
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parts  of  the  globe^  warrant  the  conclusion  that  there  is 
either  a  nehula^  or  that  there  are  myriads  of  bodies  re- 
volving in  groups  round  the  sun  which  only  become 
visible  when  inflamed  by  entering  our  atmosphere. 

One  of  these  nebulae  or  groups  seems  to  meet  the 
earth  in  its  annual  revolution  on  the  12th  and  13th  of 
November. 

On  the  morning  of  the  12th  of  November,  1799^ 
thousands  of  shooting  stars,  mixed  with  large  meteors, 
illuminated  the  heavens  for  many  hours  over  the  whole 
continent  of  America,  from  Brazil  to  Labradore :  it  ex- 
tended to  Greenland  and  even  Germany.  Meteoric  showers 
were  seen  off  the  coast  of  Spain,  and  in  the  Ohio  country, 
on  the  morning  of  the  13th  of  November,  1831 ;  and 
during  many  hours  on  the  morning  of  the  13th  of  No- 
vember, 1832,  prodigious  multitudes  of  shooting  stars  and 
meteors  fell  at  Mocha  on  the  Red  Sea,  in  the  Atlantic,  in 
Switzerland  and  at  many  places  in  England.  But  by 
much  the  most  splendid  meteoric  shower  on  record  began 
at  nine  o'clock  in  the  evening  of  the  12th  of  November, 
1833,  and  lasted  till  sunrise  next  morning.  It  extended 
from  Niagara  and  the  northern  lakes  of  America  to  the 
south  of  Jamaica,  and  from  6l°  of  longitude  in  the  Atlan- 
tic to  100°  of  longitude  in  central  Mexico.  Shooting  stars 
and  meteors,  of  the  apparent  size  of  Jupiter,  Venus,  and 
even  the  full  moon,  darted  in  myriads  towards  the  horizon, 
as  if  every  star  in  the  heavens  had  started  from  their' 
spheres.  They  are  described  as  having  been  frequent  as 
flakes  of  snow  in  a  snow  storm,  and  to  have  been  seen 
with  equal  brilliancy  over  the  greater  part  of  the  continent 
of  North  America. 

Those  who  witnessed  this  grand  spectacle  were  surprised 
to  see  that  every  one  of  the  luminous  bodies,  without  ex- 
ception, moved  in  lines  which  converged  in  one  i^Q.vtNX.\sv 
the  heavens;  none  of  them  started  from  vSaaX.  "^^\\iX\^s'^ 
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palhs,  ^hea  traced  backvrards,  met  ia  it  Uke  raji  in 
■  focuB,  and  the  manner  of  tbeir  fall  showed  t\ul  ihey 
descended  from  it  in  iieaily  parallel  straiglit  lioes  Cowudi 
the  earth. 

Bj  far  the  most  extraordinary  part  of  the  whole  jduDO. 
wenoa  is  that  this  radiant  point  was  observed  10  reraiin 
stattonnry  near  the  star  <y  Leonis  for  more  tb»u  t"o 
hours  and  a  half,  whioh  proved  the  source  of  the  laetemit 
shower  to  be  altogether  independent  of  the  earth's  roliiion, 
and  its  parallax  showed  it  to  be  far  above  the  atmotpbere. 

As  a  body  eould  not  be  actually  at  rest  ia  thit  posiaaD, 
the  group  or  nebula  must  either  have  lieen  moving  maud 
the  earth  or  the  sun.  Had  it  been  moving  about  dit 
earth,  the  course  of  the  meteors  would  have  been  tangen- 
tial to  ita  surface,  whereas  they  fell  almost  perpendicubdj, 
BO  that  the  earth  in  its  annual  revolution  muet  bait  nd 
with  the  group.  The  bodies  or  the  pajls  of  the  netab 
that  were  nearest  must  have  been  aitraeted  loivsr,!*  iho 
earth  by  its  gravity,  and  as  they  were  estimated  to  move 
at  the  rate  of  fourteen  miles  in  a  second,  they  mual  hite 
taken  fire  on  entering  our  atmosphere,  and  been  coasuiiKd 
in  their  passage  through  it. 

As  all  the  circumstances  of  the  phenomenon  were  simi- 
lar on  the  same  day  and  during  the  same  hours  in  1833, 
and  as  extraordinary  flights  of  shooting  stars  were  seen  >1 
many  places  both  ifi  Europe  and  America  on  (he  13th  ot 
November,  1834,  1835,  and  1836,  tending  also  fwp  • 
fixed  point  in  the  constellation  Leo,  it  has  been  conjectured, 
with  much  apparent  probability,  that  this  nebula  or  gimp 
of  bodies  performs  its  revolution  round  the  sun  in  a  period 
of  about  183  days,  in  an  elliptical  orbit,  whose  m^or  ui> 
is  119  millions  of  miles  ;  and  that  its  aphelion  distance, 
where  it  comes  in  contact  with  the  earth's  atmosphere,  ii 
about  J)5  milUons  of  miles,  or  nearly  the  same  with  lb* 
mean  distance  ai  v\\e  «3,it)n.  ^tovo.  i^e  wnv.    Ttui  body  muil 
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kave  met  with  disturbances  after  1799, 'which  prevented  ^^ 
from  encountering  the  earth  for  32  years^  and  it  may 
again  deviate  from  its  path  from  the  same  cause. 

As  early  as  the  year  1833,  Professor  Ohnsted,  of  Yale 
College  in  the  United  States  of  America,  had  conjectured 
that  the  phenomenon  of  shooting  stars  originated  in  the 
zodiacal  light,  and  his  subsequent  observations,  con- 
tinued for  three  successive  years,  have  tended  to  confirm 
him  in  this  opinion.  He  agrees  with  La  Place  in  thinking, 
that  the  zodiacal  light  is  a  nebulous  body,  revolving  in  the 
plane  of  the  solar  equator.  In  fact,  this  light  stretches 
beyond  the  earth's  orbit,  making  an  angle  of  about  7i^ 
with  the  plane  of  the  ecliptic,  and,  according'to  observation, 
it  is  sometimes  seen  in  the  dawn,  and  sometimes  in  the 
twilight,  like  an  inferior  planet  It  was  seen  by  Professor 
Olmsted  for  several  weeks  previous  to  the  13th  of  Novem- 
ber, in  the  morning  dawn,  with  an  elongation  i  of  from 
60^  to  90^  west  of  the  sun.  It  then  by  degrees  with- 
drew from  the  morning  sky,  and  appeared  in  the  evenings 
immediately  after  twilight,  rising  like  a  pyramid  through 
the  constellations  Capricomus  and  Aquarius,  to  an  elong- 
ation of  more  than  90°  eastward  of  the  sun.  A  change 
like  this  taking  place  annually  about  the  13th  of  November, 
has  led  the  Professor  to  believe  that  it  is  to  the  zodiacal 
light  we  are  indebted  for  those  splendid  exhibitions  of 
falling  stars  which  take  place  at  that  season. 

The  orbit  already  described,  is  that  which  he  formerly 
assigned  to  this  nebulous  or  cometary  body ;  but  he  is  now 
of  opinion  that  it  has  a  period  of  something  less  than  a 
year,  which  would  not  only  account  for  the  shooting  stars 
of  the  13th  of  November,  but  would  also  account  for  those 
that  happen  at  all  seasons,  and  for  some  very  great  showers 
of  them  that  have  taken  place  on  two  occasions  near  the 
end  of  April.     In  the  position  assigned  to  this  orbit  h^ 

»  Note  231. 
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Prafeesor  Olmsted  showers  of  Bliootiog  stan  may  hippen 
h)  November  and  April.  Since  the  last  edition  of  this 
book  a.  very  able  memoir  has  been  published  bj  M.  Biot, 
in  which  thnt  great  philosopher  shows  that  in  bis  opinion 
aleo,  meteoric  showers  are  owing  to  the  zodiacal  light 
coming  into  periodic  contact  with  the  atmosphere  ot  ihe 
earth.  Which  of  these  conjectures  may  be  neat^  tht 
truth  time  aloue  can  show;  but  certain  it  is  that  tbereoir. 
reuce  of  this  phenomenon  at  the  tame  season  for  ureo 
e  yeara  proves  that  it  can  ariK  &om  no  accideou! 
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SECTION  XXXVII. 

DIFFUsioN  OF  MATTER  THROUGH  SPACE.  —  GRAVITATION.  -— ITS 
VELOCITY. SIMPLICITY  OF  ITS  LAW.  —  GRAVITATION  INDE- 
PENDENT   OF    THE    MAGNITUDE    AND    DISTANCES    OF    THE    BODIES. 

NOT    IMPEDED    BY   THE   INTERVENTION   OF    ANY    SUBSTANCE. 

ITS      INTENSITY     INVARIABLE.  •—  GENERAL     LAWS.  RECAPITU- 
LATION AND  CONCLUSION. 

The  known  quantity  of  matter  bears  a  very  small  pro- 
portion to  the  immensity  of  space.  Large  as  the  bodies 
are^  the  distances  which  separate  them  are  immeasurably 
greater ;  but  as  design  is  manifest  in  every  part  of  creation, 
it  is  probable  that  if  the  various  systems  in  the  universe 
had  been  nearer  to  one  another,  their  mutual  disturbances 
would  have  been  inconsistent  with  the  harmony  and 
stability  of  the  whole.  It  is  clear  that  space  is  not  per- 
vaded by  atmospheric  air,  since  its  resistance  would,  long 
ere  this,  have  destroyed  the  velocity  of  the  planets ;  neither 
can  we  affirm  it  to  be  a  void,  since  it  seems  to  be  replete 
with  ether,  and  traversed  in  all  directions  by  light,  heat, 
gravitation,  and  possibly  by  influences,  whereof  we  can 
form  no  idea. 

Whatever  the  laws  may  be  that  obtain  in  the  more 
distant  regions  of  creation,  we  are  assured  that  one  alone 
regulates  the  motions,  not  only  of  our  own  system,  but 
also  of  the  binary  systems  of  the  flxed  stars ;  and  as  general 
laws  form  the  ultimate  object  of  philosophical  research, 
we  cannot  conclude  these  remarks  without  considering  the 
pature  of  gravitation  —  that  extraordinary  power,  whose 
^iSects  we  have  been  endeavouring  to  trace  through  some 
of  their  mazes.  It  was  at  one  time  imagined  that  the 
acceleration  in  the  moon's  mean  motion  was  occasioned  b^ 
the  successive  transmission  of  the  ^v9\\a.V\tv%  i<cstcfe«    ^"^ 
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has  been  pioved,  that  in  order  to  pioiluce  tHs  effect,  iu 
velocity  must  be  about  fifty  millious  of  times  greatet  thin 
tliat  of  light,  which  flies  at  the  rate  of  200,000  taUr*  in  « 
Becotid.  IlB  action,  even  at  the  distance  of  tlie  ran,  mij 
therefore  be  regarded  as  inetantaneouR ;  yet  eo  reinott  are 
the  nearest  of  the  fixed  stsrE,  that  it  may  be  iloulited 
whether  the  fun  hfts  any  Bensibie  influence  on  them. 

The  curves  in  which  the  celestial  bodies  move  bj  tk 
force  of  gravitation  are  only  lines  of  tlie  second  onler. 
The  attraction  of  spheroids,  according  to  any  other  l*w  of 
force  than  that  of  gravitation,  would  be  much  more  com- 
plicateil ;  and  as  it  is  easy  to  jirove  that  mstter  migbi  lun 
been  moved  according  to  an  infinite  variety  of  lawa,  it  nay 
be  concluded  that  gravitation  must  have  been  selected  by 
Divine  Wisdom  out  of  an  infinity  of  others,  as  bdogtttf 
moat  umple,  and  that  which  gives  the  greatest  itaUilj  H 
the  celestial  motions. 

It  is  a  singular  result  of  the  simplicity  of  the' law*  of 
nature,  which  admit  only  of  the  observation  and  conu 
parison  of  ratios,  that  the  gravitation  and  theory  of  die 
motions  of  the  celestial  bodies  are  independent  of  ibor 
absolute  magnitudes  and  distances.  Consequently,  if  tU 
the  bodies  of  the  solar  system,  their  mutual  distances,  and 
their  velocities,  were  (o  diminish  proportionally,  they  would 
describe  curves  in  all  respects  similar  to  those  in  whidi 
they  now  move;  and  the  system  might  be  succcssirely 
reduced  to  the  smallest  sensible  dimensions,  and  still  ei- 
hibit  the  same  appearances.  ^Ve  learn  by  experience  that 
a  very  difierent  law  of  attraction  prevails  when  the  partidrt 
of  matter  are  placed  within  inappreciable  distances  IrMtt 
each  other,  as  in  chemical  and  capillary  attraction,  lb« 
attraction  of  cohesion,  and  molecular  repulsion,  yet  i(  ba* 
been  shown  that  in  all  probability  not  only  these,  butercn 
gravitation  itscU,  \%  ivX-j  a.  '^^.Tikular  case  of  the  still  nun 
general  ptindple  tA  e\ettnt  kUXow. 
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The  action  of  the  gravitating  force  is  not  impeded  by 
the  intervention  even  of  the  densest  substances.  If  the 
attraction  of  the  sun  for  the  centre  of  the  earth,  and  of 
the  hemisphere  diametricaUy  opposite  to  him,  were  dimi- 
nished  by  a  difficulty  in  penetrating  the  interposed  matter, 
the  tides  would  be  more  obviously  affected.  Its  attraction 
is  the  same  also,  whatever  the  substances  of  the  celestial 
bodies  may  be ;  for  if  the  action  of  the  sun  upon  the 
earth  differed  by  a  millionth  part  from  his  action  upon  the 
moon,  the  difference  would  occasion  a  periodical  variation 
in  the  moon's  parallax,  whose  maximum  would  be  the  -^ 
of  a  second,  and  also  a  variation  in  her  longitude  amount- 
ing to  several  seconds ;  a  supposition  proved  to  be  impos* 
sible,  by  the  agreement  of  theory  with  observation.  Thus 
all  matter  is  pervious  to  gravitation,  and  is  equally  attracted 
by  it 

Gravitation  is  a  feeble  force,  vastly  inferior  to  elec- 
tric action,  chemical  affinity,  and  cohesion,  yet  as  far 
88  human  knowledge  extends,  the  intensity  of  gravita- 
iion  has  never  varied  within  the  limits  of  the  solar 
system ;  nor  does  even  analogy  lead  us  to  expect  that  it 
should :  on  the  contrary,  there  is  every  reason  to  be  as- 
jsnred  that  the  great  laws  of  the  universe  are  immutable, 
like  their  Author.  Not  only  the  sun  and  planets,  but  the 
minutest  particles,  in  all  the  varieties  of  their  attractions 
and  repulsions,  —  nay,  even  the  imponderable  matter  of 
the  electric,  galvanic^  or  magnetic  fluid,  —  are  all  obedient 
to  permanent  laws,  though  we  may  not  be  able  in  every 
case  to  resolve  their  phenomena  into  general  principles. 
Nor  can  we  suppose  the  structure  of  the  globe  alone  to  be 
exempt  from  the  universal  flat,  though  ages  may  pass 
before  the  changes  it  has  undergone,  or  that  are  now  in* 
progress,  can  be  referred  to  existing  causes  with  the  same 
certainty  with  which  the  motions  of  l\ve  ^\dXifiX%^  «xA  -a^ 
tbeir  periodic  and  secular  Tanation«,  «?»  i^«nM^  ^ft  ^^^^ 
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hw  of  graritation.  The  tracea  of  extreme  uttiqiut;  pet- 
^tuiilly  occurring  to  the  geologist  give  that  informsaoB, 
as  to  tlie  origin  of  things,  in  vain  looked  for  In  ihe  otha 
parte  of  the  universe.  Thej  date  the  beginning  of  ttou 
witb  regard  to  our  system  ;  since  there  is  ground  to 
believe  that  the  fomiationB  of  the  earth  was  coniempo- 
Tsneous  with  that  of  the  reat  of  the  planets  ;  but  ibcjr 
ahow  that  creation  is  the  work  of  Him  with  whotii''t 
thousand  years  are  as  one  day,  and  one  day  as  a  thaumd 
yeara." 

In  the  werk  non  brought  to  a  canclasion,  it  hat  be«a 
neceasary  to  select  from  the  whole  circle  of  the  sdeofHi 
few  of  the  most  obvious  of  those  proxtniate  links  vUcfa 
connect  them  together,  and  to  pass  over  inuumerable  euei 
both  of  evident  and  occult  alliance.  Any  one  faciBdi  , 
traced  through  its  ramifications  would  alone  have  ucoifM 
a  volume  ;  it  is  hoped,  nevertheless,  that  the  view  ieit 
given  will  Euffice  to  show  the  extent  to  which  a  coosider- 
ation  of  the  reciprocal  influence  of  even  a  few  of  thae 
subjects  may  ultimately  lead.  It  thus  appears  that  llx 
theory  of  dynamics,  founded  upon  terrestrial  phenomeBi, 
is  indispensable  for  acquiring  a  knowledge  of  the  revolu- 
tions of  tlie  celestial  bodies  and  their  reciprocal  influence). 
The  motions  of  the  satellites  are  affecled  by  the  formi  of 
their  primaries,  and  the  figures  of  the  planets  themselTet 
depend  upon  their  rotations.  The  symmetry  of  their  in- 
ternal structure  proves  the  stability  of  these  rotatory 
motions,  and  the  immutability  of  the  length  of  the  dty, 
which  furnishes  an  invariable  standard  of  time  ;  and  the 
actual  size  of  the  terrestrial  spheroid  affords  the  means  of 
ascertaining  the  dimensions  of  the  solar  system,  and  pro- 
vides an  invariable  foundation  for  a  system  of  weights  md 
measures.  The  mutual  attraction  of  the  celestial  bodirt 
disturbs  the  flvivAs  aV  vVievt  lutCice?,  whence  the  theory  of 
the  tidea  aiiA  oE  XW  0Mi\\»\.\.««v^  o^  'Sa«  Wmov^'tufn.   -Vi* 
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density  and  elasticity  of  the  air^  varying  with  every  alter- 
nation of  temperature^  lead  to  the  consideration  of  barome- 
trical changes^  the  measurement  of  heights^  and  capillary 
Uttraction ;  and  the  doctrine  of  sounds  including  the  theory 
of  music,  is  to  be  referred  to  the  small  undulations  of  the 
aerial  medium.    A  knowledge  of  the  action  of  matter  upon 
light  is  requisite  for  tracing  the  curved  path  of  its  rays 
through  the  atmosphere,  by  which  the  true  places  of  distant 
objects  are  determined,  whether  in  the  heavens  or  on  the 
earth.      By  this  we  learn  the  nature  and  properties  of  the 
sunbeam,  the  mode  of  its  propagation  through  the  etherial 
fluid,  or  in  the  interior  of  material  bodies,  and  the  origin 
of  colour.     By  the   eclipses   of  Jupiter's    satellites,    the 
velocity  of  light  is  ascertained ;  and  that  velocity,  in  the 
aben'ation    of  the  fixed  stars,  furnishes  the  only  direct 
proof  of  the  real  motion  of  the  earth.     The  effects  of  the 
invisible  rays   of  light   are   immediately  connected  with 
chemical  action;  and  heat,  forming  a  part  of  the  solar 
ray,    so  essential   to  animated  and  inanimated  existence, 
whether  considered   as    invisible   light  or   as   a   distinct 
quality,  is  too  important   an    agent   in   the  economy  of 
creation,  not  to  hold  a  principal  place  in  the  connexion 
of  physical  sciences.     Whence  follows  its  distribution  in 
the  interior  and  over  the  surface  of  the  globe,  its  power 
on  the  geological  convulsions  of  our  planet,  its  influence 
on  the  atmosphere  and  on  climate,  and  its  effects  on  vege- 
table and  animal  life,  evinced  in  the  localities  of  organized 
beings  on  the  earth,  in  the  waters,  and  in  the  air.     The 
connexion   of  heat  with  electrical   phenomena,   and  tlie 
electricity  of  the  atmosphere,  together  with  all  its  energetic 
effects,  its  identity  with  magnetism  and  the  phenomena 
of  terrestrial  polarity,  can  only  be  understood  from    the 
theories  of  these  invisible  agents,  and  are,  probably,  iden- 
tical with,  or  at  least  the  principal  ca\]L«i^  ^^,  ^ewxvsa^c 
affinities.     Innumerable    instancea    m\^t  >s^    ^'^«^  ^sx 
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illustration  of  the  immediate  connesion  of  the  phyiini 
sciences,  most  of  which  are  united  atiU  more  closelj  hj 
the  common  bond  of  analysis,  which  is  daily  estending  iu 
empire,  and  will  ultimately  embrace  almost  every  Bubjwl 
in  nature  in  its  formulic. 

Th^e  formula,  emblematic  of  Omniscience,  condenw 
into  a  few  symbols  the  immutable  laws  of  the  uairFrsr. 
This  mighty  instrument  of  human  power  itself  oripnilfS 
in  the  primitive  constitution  of  the  human  mind,  and  resit 
upon*  a  few  fundamental  aidoms,  which  have  eternally 
exisied  in  Him  who  implanted  them  in  the  breast  of  miB 
when  he  created  him  after  His  owa  image. 
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NOTES. 


NoTB  1.  page  S.  Diameter.  A  stiaigfat  line  passing  through  the  centre,  and 
terminated  both  ways  by  the  sides  or  sur&ce  of  a  figure,  such  as  of  a  drde  or 
sphere.    In  fig.  1.  9  Q,  N  S,  are  diameters. 

Note  2.  p.  3.  Mathematical  and  mechanical  sciences.  Mathematics  teach 
the  laws  of  number  and  quantity ;  mechanics  treat  of  the  equilibrium  and 
motion  of  bodies. 

Note  3.  p.  3.  Analysis  is  a  series  of  reasoning  conducted  by  signs  or  symbols 
of  the  quantities  whose  relations  form  the  subject  of  inquiry. 

Note  4u  p.  4.  Oscillations  are  movements  to  and  firo,  like  the  swinging  of 
the  pendulum  of  a  clock,  or  wares  in  water.    The  tides  are  oscillations  of  the 


Note  5.  p.  4.  Gravitation.  Gravity  is  the  reciprocal  attraction  of  matter 
on  matter  :  gravitation  is  the  diflference  between  gravity  and  the  centrifugal 
force  induced  by  the  velocity  of  rotation  or  revolution.  Sensible  gravity,  or 
weight,  is  a  particular  instance  of  gravitation.  It  is  the  force  which  causes 
substances  to  fall  to  the  surface  of  the  earth,  and  which  reUuns  the  celestial 
bodies  in  their  orbits.  Its  intensity  increases  as  the  squares  of  the  distance 
decrease. 

Note  6.  p.  5.  Particles  qf  matter  are  the  indefinitely  small  or  ultimate 
atoms  into  which  matter  is  believed  to  be  divisible.  Their  form  is  unknown ; 
but  though  too  small  to  be  visible,  they  must  have  magnitude. 

Note  7.  p.  5.  A  hollow  sphere.  A  hollow  ball,  like  a  bomb-shell.  A  sphere 
is  a  ball  or  solid  body,  such,  that  all  lines  drawn  ftom  \U  ccxiXx^  \a  \\&  vKt\«5A 
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at  the  moon  ta  of  a  planet  i  theo  P  A  ii  tbe  major  aiiA,  C  Eh< 
C  S  li  equal  to  C  F.  Now,  ilnce  the  eaitb  oi  the  tun  it  tuppote< 
point  3  accordUig  ai  P  D  A  Q  ii  cegaided  u  the  orbit  of  the  mc 
•  planet,  a  A,  S  P  are  tbe  grcateit  aOd  leut  HnStaaa.  Y^a.\« 
S  A  tad  a  P  Ii  tqati  to  balf  of  A  F,  lb*  n>lo<  »!»  lAi^ovtri 
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iMf  abo  another  meaning.  A  line^  auiftice,  or  loUd  body,  ii  said  to  be  fxo- 
jected  upon  a  plane,  when  parallel  straight  lines  are  drawn  from  every  point  of 
it  to  the  plane.  The  figure  so  traced  upon  the  plane  is  a  projection.  The 
projection  of  a  terrestrial  tib^od  is  therefore  its  daylight  shadow,  since  the  sun's 
rays  are  sensibly  parallel 

Note  21.  p.  6.    Space.    The  boundless  r^on  which  contains  all  creation. 

Note  22.  pp.  6. 15.    Conio  tecHont.    lines  formed  by  any  plane  cutting  a 
cone.    A  cone  is  a  solid  figure,  like  a  sugarJoaf,  fig.  5.,  of  which  A  is  the 


Fig.B. 


Fig.  6. 


apex,  A  D  the  axis,  and  the  plane  B  EC  F  the  base.  The  axis  may  or  may 
not  be  perpendicular  to  the  base,  and  the  base  may  be  a  circle,  or  any  other 
curved  line  When  the  axis  is  perpendicular  to  the  base,  the  solid  is  a  right 
cone.  If  a  right  cone  with  a  circular  base  be  cut  at  right  angles  to  the  base 
|>y  a  plane  passhig  through  the  apex,  the  section  will  be  a  triangle.  If  the 
cone  be  cut  through  both  sides  by  a  plane  parallel  to  the  base,  the  section  will 
be  a  circle.  If  the  cone  be  cut  slanting  quite  through  both  sides,  the  section 
will  be  an  ellipse,  fig.  &    If  the  cone  be  cut  paraUel  to  one  of  the  slopUig  sides. 


as  A  B,  the  section  will  be  a  paraboU,  fig.  7.    And  if  the  v^'(v&  cMt  ^t\^  ^^n!& 
side  of  the  cone,  and  be  not  parallel  to  the  0Ch«c,^3iA  Meetfni'<«^\»  ^.W^^- 
boU,  ag.  &    TbuB  there  ave  ftvc  conic  aeedona. 
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^NoTE  28.  p.  7.  Gravitation  proportional  to  mass.  But  for  the  resistance  of 
the  air,  all  bodies  would  fall  to  the  ground  in  equal  times.  In  fact,  a  hundred 
equal  particles  of  matter  at  equal  distances  from  the  surface  of  the  earth  would 
firil  to  the  ground  in  parallel  straight  lines  with  equal  rapidity,  and  no  change 
whatever  would  take  place  in  the  circumstances  of  their  descent,  if  99  of 
them  were  united  in  one  solid  mass ;  for  the  solid  mass  and  the  single  particle 
would  touch  the  ground  at  the  same  instant,  were  it  not  for  the  resistance  of 
the  air. 

Vote  29.  p.  7.  Primary  signifies,  in  astronomy,  the  planet  about  which  a 
satellite  revolves.    The  earth  is  primary  to  the  moon. 

MoTB  SO.  p.  8.    Rotation.    Motion  round  an  axis,  real  or  imaginary^ 

Note  31.  p.  9.  Compression  of  a  spheroid.  •The  flattening  at  the  poles.  It 
is  equal  to  the  difference  between  the  greatest  and  least  diameters,  divided 
by  the  greatest ;  these  quantities  being  expressed  in  some  standard  measure,  as 
miles. 

Note  S2.  p.  9.  Satellites,  Small  bodies  revolving  about  some  of  the  planets. 
The  moon  is  a  Vitellite  to  the  earth. 

Note  33.  jjj..  Nutation.  A  nodding  motion  in  the  earth's  axis  while  in 
rotation,  siaK^ar  to  that  observed  in  the  spinning  of  a  top.  It  is  produced  by 
the  attraction  of  the  sun  and  moon  on  the  protuberant  matter  at  the  terrestrial 
equator. 

NoTf 'iM.  p.  9.  Axis  of  rotation.  The  line,  real  or  imaginary,  about  which  a 
bodv ''  evolves.  The  axis  of  the  earth's  rotation  is  that  diameter,  or  imaginary 
Un^passing  through  the  centre  and  both  poles.  Fig.  1.  being  the  earth,  N  S 
ia/Jxe  axis  of  rotation. 

OTK  85.  p.  9.    Nutation  qf  lunar  orbit.    The  action  of  the  bulging  matter 

at  theeSirth's  equator  on  the  moon  occasions  a  variation  in  the  inclination  of 
the  lunar  oroit  to  the  plane  of  the  ecliptic.  Suppose  the  plane  N/>  n,  fig.  13., 
to  be  the  orj^it  of  the  moon,  and  "Smn  the  plane  of  the  ecliptic,  the  earth's 
action  ooUre  moon  causes  the  angle  />  N  m  to  become  less  or  greater  than  its 
mean  r<ff?  The  nutation  in  the  lunar  orbit  is  the  reaction  of  the  nutation  in 
the  errth's  axis. 

N*  FE  36.  p.  9.    translated.    Carried  forward  in  space. 

!•'  OTB  37.  p.  10.  Force  proportional  to  velocity.  Since  a  force  is  measured 
by  its  effbct,  the  motions  of  the  bodies  of  the  solar  system  among  themselves 
would  be  the  same  whether  the  system  be  at  rest  or  not  The  real  motion  of  a 
person  walking  the  deck  of  a  ship  at  sea  is  compounded  of  its  own  motion 
and  that  of  the  ship,  yet  each  takes  place  independently  of  the  other.  We 
walk  about  as  if  the  earth  were  at  rest,  though  it  has  the  double  motion  of 
rotation  on  its  axis  and  revolution  round  the  sun. 

Note  38.  p.  11.  Tangent.  A  straight  line  which  touches  a  curved  line  in 
one  point  without  cutting  it.  In  fig.  4.,  m  T  is  tangent  to  the  curve  in  the 
point  m.    In  a  circle  the  tangent  is  at  right  angles  to  the  radius,  C  ni. 

Note  39.  p.  11.  Motion  in  an  elliptical  orbit.  A  planet  m,  fig.  6.,  moves 
round  the  sun  at  S  in  an  ellipse  P.D  A  Q,  in  consequence  of  two  forces,  one 
urging  it  in  the  direction  of  the  tangent  mT,  and  another  pulling  it  towards 
the  sun  in  the  direction  m  S.  Its  velocity,  which  is  greatest  at  P,  decreases 
throughout  the  arc  to  P  D  A  to  A,  where  it  is  least,  and  increases  continually 
as  it  moves  along  the  arc  A  Q  P  till  it  comes  to  P  again.  The  whole  force 
producing  the  elliptical  motion  variei  inversely  as  ih«  w^oam  ol  ^<b  ^fikafiuKOKA. 
See  note  S& 


MS                                   Noww. 

^^ 

NDn4D.;ull.    nami  Mcltrei.    InuKinarr  lines  jointngt 

e<»>Rtf«| 

plane!  aiik 

utemie.    In  the  circle,  tho  mdli  are  all  Equal ;  bnl  In  an  e 

Uip«.«r.i.* 

nUlm  lector  S  A  U  grraler.  and  SP  leu  Ihm  all  the  others 

Thendii* 

loiHSg,  SD.are  cqu.l  to  C  A  ot  C  P,  hiilf  the  mnjor  «u> 

quenlli  eqiul  Id  Ibe  mEan  aiUnce.    £  pisaet  ii  a.t  iu  mean  d 

.im  when  in  Ihe  poinU  Q  nnd  D. 

NoTEil.  p.Il.     Efl«rt  «™»  rn  tv«i  k™.     See  Kepler-i  IB  »■• 

Sota«,p.ll.    Jfqjorwd.    TlielliiePA,fle,£otll). 

N.TE*ap,is.    V'*';-™'                     «8.io- 

AKuHwf  0  cl«*.  *c.  The  notion                              B 

ot  1  pUBH  sboiil  the  •un,  in  i                ^^              -J! 

rinOoABP,  Bg.  10.,  nhoierarjlui            /      __5_^ 

C  A i» equal  lo  [be  planefi  mean         /,,'■'''''/. 

'^7^ 

dliUnpefrorahim,»ouWlieci]m-       //'         /^ 
Ue,  tbat  ii.  ili  velocltr,  or  .peed,       1/           /■' 

h 

:^^B 

wmldalwanbeUieiiuoe.  Where-      j'         ^.'■^ 

'y^ 

_v 

\ 

.arTldg,b,nole3g.ibut  Itimo.       \\             \ 

Han  ii  luch,  that  [he  Bme  elips-        \X,^ 

\ 

ll«  between  iU  dejarlure  lyom  P,         \  ^^--_, 

Jix 

IDd  IU  Tecum  to  that  pelnt  again,              \^^           1 

ellipie  i  (tor  Ibeie  cunia  KrtpcliiE  in  the  points  P  end  A. 

NDiBM-pia.    r™  ««™.    The  motion  of  a  body 

PDAQ,fl8,10. 

No™4S.  p.lS.    MianvMian.    Equable  motlei.  In  a  circle 

PEAB.1.11^- 

at  the  mean  diilance  C  P  or  C  m.  in  Hie  time  thai  Ibe  body  ■ 

OuldK«B(W 

a  Torolulion  in  its  elliptical  orbit  P  D  A  Q. 

Note  4S  p.  18.     The  iq^ao!.                            ft 

g\\. 

NOTES.  443 

points  E  and  e  are  the  solstices,  where  the  sun  is  at  his'greatcst  distance  from 
tbe  equinoctial.  The  equinoctial  is  every  where  ninety  degrees  distant  from 
itt  poles  N  and  S,  which  are  two  points  diametrically  opposite  to  one  another, 
where  the  axis  of  the  earth's  rotation,  if  prolonged,  would  meet  the  heavens. 
Tlie  northern  celestial  pole  N  is  within  1^  24'  of  the  pole  star.  As  the  latitude 
of  any  place  on  the  surface  of  the  earth  is  equal  to  the  height  of  the  pole 
above  the  horizon,  it  is  easily  determined  by  observation.  The  ecliptic  I!FX>e£^ 
is  also  every  where  ninety  degrees  distant  from  its  poles  P  and  p.  The  angle 
P  C  N,  between  the  poles  P  and  N  of  the  equinoctial  and  ecliptic,  is  equal  to 
the  angle  «  C  Q,  called  the  obliquity  of  the  ecliptic. 

Note  47.  p.  12.  Longitude,  The  vernal  equinox,  ^,  fig.  11.,  is  the  zero 
point  in  the  heavens  whence  celestial  longitudes,  or  the  angular  motions  of  the 
celestial  bodies,  are  estimated  from  west  to  east,  the  direction  in  which  they  all 
revolve.  The  vernal  equinox  is  generally  called  the  first  point  of  Aries,  though 
these  two  points  have  not  coincided  since  the  early  ages  of  astronomy,  about 
S23S  years  ago,  on  account  of  a  motion  in  the  equinoctial  points,  to  be  explained 
hereafter.  If  S  HTi  fig*  10.,  be  the  line  of  the  equinoxes,  and  HP  the  vernal 
equinox,  the  true  longitude  of  a  planet  p  is  the  angle  HP  Sp,  and  its  mean  lon- 
^tude  is  the  angle  HP'  C  m,  the  sun  being  in  S.  Celestial  longitude  is  the 
angular  distance  of  a  heavenly  body  from  the  vernal  equinox ;  whereas  terres- 
trial longitude  is  the  angular  distance  of  a  place  on  the  siurfiu^  of  the  earth 
from  a  meridian  arbitrarily  chosen,  as  that  of  Greenwich. 

KoTB  48.  pp.  12.  71.  Equation  qf  the  centre.  The  difference  between  <TCm 
tmdppSp,  fig.  10.;  that  is,  the  diflfbrence  between  the  true  and  mean  longitudes 
of  a  planet  or  satellite.  The  true  and  mean  places  only  coincide  in  the  points  P 
and  A ;  in  every  other  point  of  the  orbit,  the  true  place  is  either  before  or 
behind  the  mean  place.  In  moving  from  A  through  the  arc  A  Q  P,  the  true 
place  p  is  behind  the  mean  place  m  s  and  through  the  arc  P  D  A  the  true  place 
Is  before  the  mean  place.  At  its  maximum,  the  equation  of  the  centre  mei^ 
ffures  C  S,  the  excentricity  of  the  orbit,  since  it  is  the  difference  between  the 
notion  of  a  body  in  an  ellipse,  and  in  a  circle  whose  diameter  A  P  b  the  major 
axis  of  the  ellipse. 

Note  49.  p.  12.  Apsides.  The  points  P  and  A,  fig.  10.,  at  the  extremities  of 
the  major  axis  of  an  orbit  P.  is  commonly  called  the  perihelion,  a  Greek  term 
rtgnifying  round  the  suns  and  the  point  A  is  called  the  aphelion,  a  Greek  term 
signifying  at  a  distance  from  the  sun. 

Note  50.  p.  12.  Ninety  degrees.  A  drcle  is  divided  in  S0O  equal  parts,  or 
d^rees  j  each  degree  into  60  equal  parts,  called  minutes ;  and  each  minute 
into  60  equal  parts,  called  seconds.  It  is  usual  to  write  these  quantities  thus, 
150 16^  lO'',  which  means  fifteen  degrees,  sixteen  minutes,  and  ten  seconds.  It 
is  dear  that  an  arc  m  a,  fig.  4.,  measures  the  angle  m  C  n\  hence  we  may  say 
an  arc  of  so  many  degrees,  or  an  angle  of  so  many  degrees ;  for  if  there  be  ten 
degrees  in  the  angle  m  C  n,  there  will  be  ten  degrees  in  the  arc  m  ».  It  is  evi- 
dent  that  there  are  9fP  in  a  right  angle,  m  C  c^  or  quadrant,  since  it  is  tbe 
fourth  part  of  26DP. 

Note  51.  p.  12.    Quadratures.    A  cdestial  body  is  said  to  be  in  quadrature, 
when  it  is  90  degrees  distant  from  the  sun.    For  example,  in  fig.  14.  if  i^  be  the 
.  sun,  S  the  earth,  and  p  the  moon,  then  the  moon  is  said  to  be  in  quadrature 
when  she  is  in  either  of  the  points  Q  or  D,  becauae  \he  vn^^  ^^  ^  vbw^X^^  ^ 
which  measure  her  apparent  distance  from  the  Buti,  vce  fv^\.  vo^^^. 
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Ib  the  inclination  of  the  orbit  to  the  plane  of  the  ecliptic ;  and  lastly,  the  angle 
<T>  S  N,  the  longitude  of  N  the  ascending  node. 

Note  58.  p.  14.  Whose  planes,  8;c.  The  planes  of  the  orbits,  as  P  N  A  n, 
fig.  12.,  in  which  the  planets  move,  are  inclined  or  make  small  angles  e  N  A 
with  the  plane  of  the  ecliptic  E  N  e  n,  and  cut  it  in  straight  lines,  N  S  n  pass- 
ing through  S  the  centre  of  the  sun. 

Note  59.  p.  15.  Momentum*  Force  measured  by  the  weight  of  a  body  and 
its  speed,  or  simple  velocity,  conjointly.  The  primitire  momentum  of  the 
planets  is,  therefore,  the  quantity  of  motion  which  was  impressed  upon  them 
when  they  were  first  thrown  into  space. 

Note  60.  p.  15.  Unstable  equiltlnium.  A  body  is  said  to  be  in  equilibrium, 
when  it  is  so  balanced  a»  to  remain  at  rest.  But  there  are  two  kinds  of  equili- 
brium, stable  and  unstable.  If  a  body  balanced  in  stable  equilibrium  be  slightly 
disturbed,  it  will  endeavour  to  return  to  rest  by  a  number  of  movements  to  and 
fro,  which  will  continually  decrease^ till  they  cease  altogether,  and  then  the 
body  will  be  restored  to  its  original  state  of  repose.  But  if  the  equilibrium  be 
unstable,  these  movements  to  and  fh>,  or  oscillations,  will  become  greater  and 
^eater  till  the  equilibrium  is  destroyed. 

'  Note  61.  p.  18.    Retrograde.    Going  backwards,  as  firom  east  to  west,  con- 
trary to  the  motion  of  the  planets. 

Note  6S.  p.  18.  ParaUel  directions.  Such  as  never  meet  though  prolonged 
ever  so  far. 


Fig.  13. 

Note  63.  pp.  19. 21.  The  whole  force,  ^c. 
Let  S,  fig.  13.,  be  the  sun,  N  m  n  the  plane  of 
the  ecliptic,  p  the  disturbed  planet  moving  in 
its  orbit  n  )d  N,  and  d  the '  disturbing  planet. 
Now,  d  attracts  the  sun  and  the  planet  p  with 
different  intensities  in  the  directions  dS,  dp  : 
the  diflference  only  of  these  forces  disturbs  the 
motion  of  p ;  it  is  therefore  called  the  disturb- 
ing force.  But  this  whole  disturbing  force  may 
be  regarded  as  equivalent  to  three  forces,  acting 
in  the  directions  />  S,  p  T,  and  p  m.  The  force 
acting  in  the  radius  vector  p  S,  joining  the 
centres  of  the  sun  and  planet,  is  called  the 
radiai  force.  It  sometimes  draws  the  disturbed 
planet  p  ttora  the  sun,  and  sometimes  brings  it 
nearer  to  him.  The  force  which  acts  in  the 
direction  of  the  tangent  />  T  is  called  the  tan- 
gential  force.  It  disturbs  the  motion  of  p  in 
longitude,  that  is,  it  accelerates  its  motion  in 
some  parts  of  its  orbit  and  retards  it  in  others, 
so  that  the  radius  vector  S  p  does  not  move 
over  equal  areas  in  equal  times.  (See  Note  26.) 
For  example,  in  the  position  of  the  bodies  in  fig.  14.  \t  \i  c^\^«v\.  \>kA,'vr>  vs«>vt- 
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exceed  the  radius ;  and  as  the  radius  is  assumed  to  be  equal  to  unity,  their 
values  oscillate  between  unity  and  zero. 

Note  77.  p.  27.  The  small  excentricitics  and  inclinations  of  the  planetary 
orbits,  and  the  revolutions  of  all  the  bodies  in  the  same  direction,  were  proved 
l^  Euler,  X'S  Grange,  and  La  Place,  to  be  conditions  necessary  for  the  sta- 
bility of  the  solar  system.  Recently,  however,  the  periodicity  of  the  terms  of 
the  series  expressing  the  perturbations  was  supposed  to  be  sufiScient  alone, 
tnit  M.  Poisson  has  shown  that  to  l}e  a  mistake ;  that  these  three  conditions  are 
requisite  for  the  necessary  convergence  of  the  series,  and  that  therefore  the  sta- 
bility of  the  system  depends  on  them  conjointly  with  the  periodicity  of  the  sines 
«Dd  cosines'of  each  term.  The  author  is  aware  that  this  note  can  only  be  in- 
telligible to  the  analyst,  but  she  is  desirous  of  correcting  an  error,  and  the 
more  so  as  the  conditions  of  stability  afford  one  of  the  most  striking  instances 
of  design  in  the  original  construction  of  our  system,  and  of  the  foresight  and 
supreme  wisdom  of  the  Divine  Architect. 

Note  78.  p.  27.  Resisting  medium.  A  fluid  which  resists  the  motions  of 
bodies,  such  as  atmospheric  air,  or  the  highly  clastic  fluid  called  ether,  with 
which  it  is  presumed  that  space  is  filled. 

Note  79.  p.  28.  Obliquity  qf  the  ecliptic.  The  angle  eT^q,  fig.  11.,  between 
the  plane  of  the  terrestrial  equator,  ?nPQ*  and  the  plane  of  the  ecliptic  EHPe. 
The  obliquity  is  variable. 

Note  80.  p.  £8.  Invariable  plane.  In  the  earth  the  equator  is  the  invariable 
plane  which  nearly  maintains  a  parallel  position  with  regard  to  itself  while 
revolving  about  the  sun,  as  in  fig.  20.,  where  £Q  represents  it    The  two 


hemispheres  balance  one  another  on  each  side  of  this  plane,  and  would  stiil  do 
so  if  all  the  particles  of  which  they  consist  were  moveable  among  themselves, 
provided  the  earth  were  not  disturbed  by  the  action  of  the  sun  and  moon, 
which  alters  the  parallelism  of  the  equator  by  the  small  variation  called  nuta- 
tion, to  be  explained  hereafter. 

Note  81.  p.  29.    Jfeach  particle,  %c.    Let  P,  P',  P",  &c.,  fig.  21.,  be  plaoeU 
moving  in  their  orbits  about  the  centre  of  gravity  of  the  system.    IjiX^*^'^« 
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•  circular  orbit  may  acquire  less  or  more  ellipticity  from  the  same  came.  It  is 
thus  that  the  forms  of  the  orbits  of  the  first  and  second  sateltites  of  Jupiter 
oicillate  I)etween  circles  and  ellipses  differing  very  little  from  circles. 

Note  87.  p.  34.  The  plane'qf  Jupiter's  equator  is  the  imaginary  plane  paistng 
through  his  centre  at  ri^t  angles  to  his  axis  of  rotation ;  and  corresponds 
(p  the  plane  qEQe,  in  fig.  1.  The  satellites  move  very  nearly  in  the  plane 
of  Jupiter's  equator,  for  if  J  be  Jupiter,  fig.2S.,Pp  his  axis  of  rotation,  cQ 

Fig.SS. 


his  equate  rial  diameter,  which  is  6000  miles  longer  than  Tp,  and  if  J  O 
and  J  £  be  the  planes  of  his  orbit  and  equator  seen  edgewise,  then  the 
ortrits  of  his  four  satellites  seen  edgewise  will  have  the  positions  J 1,  J  2, 
J  3,  J  4.  These  are  extremely  near  to  one  another,  for  the  angle  £  J  O  is 
only  30  5'  30". 

Note  88.  p.  34.  In  consequence  of  the  satellites  moving  so  nearly  in  the 
plane  of  Jupiter's  equator,  when  seen  from  the  earth,  they  appear  to  be  always 
Tery  nearly  in  a  straight  line,  however  much  they  may  change  their  positions 
with  regard  to  one  another  and  to  their  primary.  For  example,  on  the  even- 
ings of  the  3d,  4th,  5th,  and  6th  of  January,  1835,  the  satellites  had  the  configur. 
ations  given  in  fig.  23.,  where  O  is  Jupiter,  and  1.  2.  3.  4.  are  the  first,  second. 

Fig.  23. 
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third,  and  fourth  satellites.  The  satellite  is  supposed  to  be  moving  in  a  di- 
rection from  the  figure  towards  the  point.  On  the  sixth  evening  the  secimd 
satellite  was  seen  on  the  disc  of  the  planet. 

NoTR  89.  p.  35.  Angular  motion  or  velocity  is  the  swiftness  with  which  a 
body  revolves  —  a  sling,  for  example ;  or  the  speed  with  which  the  surface  of 
the  earth  performs  its  daily  rotation  about  its  axis. 

Note  90.  p.  35.  Displacement  of  Jupiter's  orbit.  The  action  of  the  planets 
occasions  secular  variations  in  the  position  of  Jupiter's  orbit,  J  O,  fig.  S2., 
without  affecting  the  plane  of  his  equator  J  E.  Again,  the  sun  and  satellites 
themselves,  by  attracting  the  protuberant  matter  at  Jupiter's  equator,  change 
the  position  of  the  plane  J  E  without  affecting  J  O.  Both  of  these  cause  per- 
turbations in  the  motions  of  the  satellites. 
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'NoTB  96.  pp.  37.  52.  Meridian.  A  terrestrial  meridian  is  a  line  passing 
TCund  the  earth  and  through  buth  poles.  In  every  part  of  it  noon  happens 
at  uie  same  instant  In  figures  1.  and  3.,  the  lines  N  Q  S  and  N  6  S  are 
meridians,  C  being  the  centre  of  the  earth,  and  N  S  its  axis  of  rotation. 
The  meridian  passing  through  the  Observatory  at  Greenwich  is  assumed 
by  the  British  as  a  fixed  origin,  from  whence  terrestrial  longitudes  are  mea- 
tured.  And  as  each  point  on  the  surface  of  the  earth  passes  through  36(P,  or  a 
•complete  circle,  in  twenty.four  hours,  at  the  rate  of  15  degrees  in  an  hour, 
time  becomes  a  representative  of  angular  motion.  Hence  if  the  eclipse  of  a 
«ateUite  happens  at  any  place  at  eight  o'clock  in  the  evening,  and  the  Nautical 
Almanack  shows  that  the  same  phenomenon  will  take  place  at  Greenwich  at 
nine,  the  place  of  observation  will  be  in  the  15<^  of  west  longitude. 

Note  96.  p.  37.  Conjunction.  Let  S  be  the  sun,  fig.  24.,  E  the  earth,  and 
J  03'  C  the  orbit  of  Jupiter.  Then  the  eclipses  which  happen  when  Jupiter 
IB  in  O  are  seen  16m  26"  sooner  than  those  which  take  place  when  the  planet  is 
in  C.    Jupiter  is  in  conjunction  when  at  C  and  in  opposition  when  in  O. 

Note  97.  p.  38.    In  ike  diagonal,  S[c.  were  the  line  Pig-  26. 

A  S,  fig.  26 ,  100,000  times  longer  than  A  B,  Jupiter's  , 

true  place  would  ;be  in  the  direction  A  S%  the  dia-  ^     ^ 

Sonal  of  the  figure  A  B  S'  S,  which  is,  of  course,  out  of 
proportion. 

Note  98.  p.  38.  Aberration  of  light.  The  celestial 
bodies  are  so  distant,  that  the  rays  of  light  coming  from 
them  may  be  reckoned  parallel  Therefore,  let  S  A, 
S'  B,  fig.  26.,  be  two  rays  of  light  coming  from  the  sun, 
or  a  planet,  to  the  earth  moving  in  its  orbit  in  the  direc- 
tion A  B.  If  a  telescope  be  held  in  the  direction  A  S, 
the  ray  S  A,  instead  of  going  down  the  tube,  will  im- 
pinge on  its  side,  and  be  lost  in  consequence  of  the 
telescope  being  carried  with  the  earth  in  the  direction 
A  B.    But  if  the  tube  be  held  in  the  position  A  E,  so  ,,    ^ 

that  A  B  is  to  A  S  as  the  velocity  of  the  earth  to  the 
Telocity  of  light,  the  ray  will  pass  through  S'  E  A.    The  star  appears  to  be  in 
the  direction  A  S',  when  it  really  is  in  the  direction  A  S,  hence  the  angle 
S  A  S'  is  the  angle  of  aberration. 

Note  99.  p.  39.  Density  prportional  to  elasticUy.  The  more  a  fluid,  such 
as  atmospheiic  air,  is  reduced  in  dimensions  by  pressure,  the  more  it  resists 
the  pressure. 

Note  100.  p.  39.  Oscillations  qf  pendulum  retarded.  If  a  clock  be  carried 
from  the  pole,  to  the  equator  its  rate  will  be  gradually  diminished,  that  is,  it 
will  go  slower  and  slower,  because  the  ccntrifligal  force  which  increases  from 
the  pole  to  the  equator  diminishes  the  force  of  gravity. 

Note  101.  p.  43.  Disturbing  action.  The  disturbing  force  acts  here  in  the 
very  same  manner  as  in  note  63. ;  only  that  the  disturbing  body  d,  fig.  14.,  is 
the  sun,  S  the  earth,  and  p  the  moon. 

Note  102.  pp.  43.  45. 100.  Perigee.  A  Greek  word»  signifying  round  the 
earth.  The  perigee  of  the  lunar  orbit  is  the  point  P,  fig.  6.,  where  the  moon 
is  nearest  to  the  earth.  It  corresponds  to  the  perihelion  of  a  planet.  Some- 
times the  word  is  used  to  denote  the  point  where  the  sun  is  nearest  to  the 
earth. 

Note  103.  p.  44.    EvecUom.    The  evectlon  *u  pioduced  >Drs  ^>ci^  «^*c^:vack  ^\  ^^cik. 
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Koi«lll.  p.  40.  FenmHbra.  The  diadow  or  imperfect  darknesf,  whieh 
preeedesand  follows  an  eclipse. 

Note  112.  p.  49.  Synodic  revolution  qf  the  moon.  The  time  between  two 
consecutive  new  or  fall  moons. 

Note  113.  p.  50.  Horizontal  r^raction.  The  light,  in  coming  from  a  celes. 
Cial  object,  is  bent  into  a  curve  as  soon  as  it  enters  our  atmosphere ;  and  that 
bending  is  greatest  when  the  object  is  in  the  horizon. 

Note  114.  p.  50.  Solar  eclipse.  Let  S,  fig.  28.,  be  the  sun,  m  the  moon,  and 
£  the  earth.    Then  a  £  6  is  the  moon's  shadow,  which  sometimes  eclipses  a 

Fig.  28. 


small  portion  of  the  earth's  surface  at  e,  and  sometimes  falls  short  of  it.  To  a 
person  at  e,  in  the  centre  of  the  shadow,  the  eclipse  may  be  total  or  annular. 
To  a  person  not  in  the  centre  of  the  shadow,  a  part  of  the  sun  will  be  eclipsed  ; 
and  to  one  at  the  edge  of  the  shadow  there  will  be  no  eclipse  at  all.  Ilie  spaces 
P  6  E,  F'  a  E  are  the  penumbra. 

Fig.  S9, 


Note  115.  p.52«  From  the  extremities^  S(C  If  the 
length  of  the  line  a  6,  fig.  29.,  be  measured,  in  feet  or 
fathoms,  the  angles  S  6  a,  S  a  6,  can  be  measured,  and 
then  the  angle  a  S  6  is  known,  whence  the  length  of  the 
line  S  C  may  be  computed,  a  S  d  is  the  parallax  of  the 
object  S,  and  it  is  clear  that  the  greater  the  distance  of  S, 
the  less  the  base  a  b  will  appear,  because  the  angle  a  S'  b 
Is  less  than  aSb. 


Note  116.  p.  54.    Every  particle  voill  describe  a  cirdCy  8(C.    If  N  S,  fig.  3.,  be 
the  axis  about  which  the  body  revolves,  then  particVe«  al  ^»  ^^%tt.'<w'S!\NR«vev\w 
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*  KoTB  125>  pp.  56.  S87.    Cosine  of  latitude.     The  angles  m  C  a,  m  C  6,  fig.  4., 
being  the  latitudes  of  the  points  a,  b,  &c.  the  cosines  are  C  g,  C  r,  &c. 

NoTB  124.  p.  58.  An  arc  of  the  meridian.  Let  N  Q  S  ^,  fig.  SO,,  be  the  ineri. 
dian,  and  m  n  the  arc  to  be  measured.  Then  if  Z'  m,  Z  n,  be  verticals,  or 
lines  perpendicular  to  the  surface  of  the  earth,  at  the  extremities  of  the  arc 
m  M,  they  wiU  meet  in  p.  Q  a  n,  Q  6  m,  are  the  latitudes  of  the  points  tn  and 
It,  and  their  difference  is  the  angle  mpn.  Since  the  latitudes  are  equal 
to  the  height  of  the  pole  of  the  equinoctial  above  the  horizon  of  the  places 
m  and  n,  the  angle  mpn  may  be  found  by  observation.  When  the  distance 
m  n  is  measured  in  feet  or  fathoms,  and  divided  by  the  number  of  degrees 
and  parts  of  a  degree  contained  in  the  angle  mpn,  the  length  of  an  arc  of  one 
degree  is  obtained. 

NoTB  135.  p.  58.    A  series  of  triangles.    Let  M  M',  fig.  31.,  be  the  meridian 

Fig.Sl. 


of  any  place.  A  line,  A  B,  is  measured  with  rods,  on  level  ground,  of  any 
number  of  fathoms,  C  being  some  point  seen  flrom  both  ends  of  it  As  two 
of  the  angles  of  the  triangle  ABC  can  be  measured,  the  lengths  of  the 
sides  A  C,  B  C,  can  be  computed ;  and  if  the  angle  m  A  B,  which  the  base 
A  B  makes  with  the  meridian,  be  measured,  the  length  of  the  sides  B  m,  A  ni, 
may  be  obtained  by  computation,  so  that  A  9n,  a  small  part  of  the  meridian, 
is  determined.  Again,  if  D  be  a  point  visible  from  the  extremities  of  the 
known  line  B  C,  two  of  the  angles  of  the  triangle  BCD  may  be  measured, 
and  the  length  of  the  sides  C  D,  B  D,  computed.  Then  if  the  angle  Bmm' 
be  measured,  all  the  angles  and  the  side  B  m  of  the  triangle  B  m  m'  are 
known,  whence  the  length  of  the  line  m  m'  may  be  computed,  so  that  the 
portion  A  m,'  of  the  meridian  is  determined,  and  in  the  same  manner  it  may  be 
prolonged  indefinitely. 

Note  126.  pp.  58.  61.  •  The  square  of  the  sine  of  the  latitude.  Qbm,  fig.  SO., 
being  the  latitude  of  m,em  is  the  sine  and  b  e  the  cosine.  Then  the  number 
expressing  the  length  of  e  m,  multiplied  by  itself,  is  the  square  of  the  sine  of 
the  latitude ;  and  the  number  expressing  the  length  of  b  e,  multiplied  by  itself, 
is  the  square  of  the  cosine  of  the  latitude. 

Note  127.  p.  61.  Ajpendulum  is  that  part  of  a  clock  which  swings  to  and 
fro. 

Note  128.  p.  64.  Parallax.  The  angle  o  S  A,  fig.  29.,  under  which  we  view 
an  object  ab :  it  therefore  diminishes  as  the  distance  increases.  The  parallax 
of  a  celestial  object  is  the  angle  which  the  radius  of  the  earth  would  be  seen 
under,  if  viewed  firom  that  object    Let  £,  fig.  32.,  be  the  centre  oC  \SaL<fe  vKtOcv^ 
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centre  of  the  sua,  and  V  the  planet  Venus.  The  real  transit  of  the  planet, 
seen,  from  £  the  centre  of  the  earth,  would  be  in  the  direction  A  B.  A  person 
at  W  would  see  it  pass  over  the  sun  in  the  line  v  a,  and  a  person  at  O  would 
see  it  move  across  him  in  the  direction  v'  a'. 

Note  132.  p.  66.  Kepler's  second  law.  Suppose  it  were  required  to  find  the 
distance  of  Jupiter  from  the  sun.  The  periodic  times  of  Jupiter  and  Venus 
are  given  by  observation,  and  the  mean  distance  of  Venus  from  the  centre  of 
the  sun  is  known  in  miles  or  terrestrial  radii ;  therefore,  by  the  rule  of  three, 
the  square  root  of  the  periodic  time  of  Venus  is  to  the  square  root  of  the 
periodic  time  of  Jupiter,  as  the  cube  root  of  the  mean  distance  of  Venus  from 
the  sun,  to  the  cube  root  of  the  mean  distance  of  Jupiter  from  the  sun,  which 
ia  thus  obtained  in  miles  or  terrestrial  radii.  The  root  of  a  number  is  that 
number  which,  once  multiplied  by  itself,  gives  its  square;  twice  multiplied  by 
itself,  gives  its  cube,  &c.  For  example,  twice  2  are  4,  and  twice  4  are  8;  2  is 
therefore  the  square  root  of  4,  and  the  cube  root  of  8.  In  the  same  manner 
3  tines  3  are  9,  and  3  times  9  are  27 ;  3  is  therefore  the  square  root  of  9,  and  the 
cube  root  of  27. 

Note  133.  p.  68.  Inversely ^  ^c.  The  quantities  of  matter  in  any  two  primary 
planets  are  greater  in  proportion  as  the  cubes  of  the  numbers  representing  the 
mean  distances  of  their  satellites  are  greater,  and  also  in  proportion  as  the 
squares  of  their  periodic  times  are  less. 

Note  134.  p.  68.    As  hardly  any  thing  appears  more  impossible  than  that 
man  should  have  been  able  to  weigh  the  sun  as  it  were  in  scales  and  the  earth 
in  a  balance,  the  method  of  doing  so  may  have  some  interest.    The  attraction 
of  the  sun  is  to  the  attraction  of  the  earth,  as  the  quantity  of  matter  in  the 
sun  to  the  quantity  of  matter  in  the  earth  ;  and  as  the  force  of  this  reciprocal 
attraction  is  measured  by  its  effects,  the  space  the  earth  would  fall  through  in 
a  second  by  the  sun's  attraction,  is  to  the  space  which  the  sun  would  fall 
through  by  the  earth's  attraction,  as  the  mass  of  the  sun  to  the  mass  of  the 
earth.    Hence,  as  many  tintes  as  the  fall  of  the  earth  to  the  sun  in  a  second 
exceeds  the  fall  of  the  sun  to  the  earth  in  the  same  time,  so  many  times  does 
the  mass  of  the  sun  exceed  the  mass  of  the  earth.    Thus  the  weight  of  the  sun 
will  be  known  if  the  length  of  these  two  spaces  can  be  found  in  miles  or  partt 
of  a  mile.    Nothing  can  be  easier.     A  heavy  body  falls  through  16*0697  feel 
in  a  second  at  the  surface  of  the  earth  by  the  earth's  attraction  ;  and  as  the 
force  of  gravity  is  inversely  as  the  square  of  the  distance,  it  is  clear  that 
16*0697  feet  are  to  the  space  a  body  would  fall  through  at  the  distance  of  the 
•un  by  the  earth's  attraction,  as  the  square  of  the  distance  of  the  sun  from  the 
earth  to  the  square  of  the  distance  of  the  centre  of  the  earth  from  its  surface  ; 
that  is,  as  the  square  of  95,000,000  miles  to  the  square  of  4000  miles.    And  thus, 
by  a  simple  question  in  the  rule  of  three,  the  space  which  the  sun  would  fall 
through  in  a  second  by  the  attraction  of  the  earth  may  be  found  in  parts  of  a  mile. 
The  space  the  earth  would  fall  through  in  a  second  by  the  attraction  of  the  sun 
must  now  be  found  in  miles  alsa    Suppose  m  n,  fig.  4.,  to  be  the  arc  which  the 
earth  describes  round  the  sun  in  C,  in  a  second  of  time,  by  the  joint  action  of 
the  sun  and  the  centrifugal  force.    By  the  centrifugal  force  alone  the  earth 
would  move  from  ?»  to  T  in  a  second, and  by  the  sun's  attraction  alone  it  would 
fall  through  T  n  in  the  same  time.    Hence  the  length  of  T  n  in  miles  is  the 
space  the  earth  would  fall  through  in  a  second  by  the  sun's  attraction.    Now  as 
the  earth's  orbit  is  very  nearly  a  circle,  if  360  degrees  be  divided  by  the  number 
of  seconds  in  a  sidereal  year  of  365^  day8»  it  will  gixe  m  n  Vcife  wrniWOiv  "vitNJfe 
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KotB  140.  p.  85.  Inverse^  proportional^  SfC.  That  is,  the  total  amount  of 
•olar  radiation  becomes  less  as  the  minor  axis  C  C%  fig.  20.,  of  the  earth's  orbit 
becomes  greater. 

NoTB  141.  p.  87.  Fig.  35.  represents  the 
position  of  the  apparent  orbit  of  the  sun 
ac  it  is  at  present,  the  earth  I>eing  in  E. 
The  sun  is  nearer  to  the  earth  in  moving 
through  :£v  p  ojp,  than  in  moving  through 
or  A  i£I=,  but  its  motion  through  :£b  P  HP 
is  more  rapid  than  its  motion  through 
nr  A  ^ }  and  as  the  swiftness  of  the  mo- 
tion and  the  quantity  of  heat  seceived  vary 
in  the  same|^roportion,  a  compensation  takes 
place. 

Note  142.  p.  88.  In  an  ellipsoid  of  revolution^  fig.  1.,  the  polar  diameter 
N  S  and  every  diameter  in  the  equator  9  E  Q  e  are  permanent  axes  of  rotation, 
but  the  rotation  would  be  unstable  about  any  other.  Were  the  earth  to  begin 
to  rotate  about  C  a,  the  angular  distance  from  a  to  the  equator  at  q  would  no 
longer  be  ninety  degrees,  which  would  be  immediately  detected  by  the  change 
it  would  occasion  in  the  latitudes. 

NoTB  143.  pp.  62.  93.  Let  9  T  Q>  and  Bop  e,  fig-  H.)  be  the  planes  of  the 
equator  and  ecliptic.  The  angle  e  HP  Q,  which  separates  them,  called  the 
obliquity  of  the  ecliptic,  varies  in  consequence  of  the  action  of  the  sun  and 
moon  upon  the  protuberant  matter  at  the  earth's  equator.  That  action  brings 
the  point  Q  towards  e,  and  tends  to  make  the  plane  9  HP  Q  coincide  with  the 
ecliptic  E  HP  ^f  which  causes  the  equinoctial  points,  ^  and  =:^:,  to  move  slowly 
backwards  on  the  plane  e^  £  at  the  rate  of  50^  '41  annually.  This  part  of 
the  motion,  which  depends  upon  the  form  of  the  earth,  is  called  luni-solar 
precession.  Another  part,  totally  independent  of  the  form  of  the  earth,  arises 
Arom  the  mutual  action  of  the  earth,  planets,  and  sun,  which,  altering  the 
position  of  the  plane  of  the  ecliptic  e  T^  £,  causes  the  equinoctial  points  'y> 
and  iQ:  to  advance  at  the  rate  of  0'''31  annually ;  but  as  this  motion  is  much  less 
than  the  former,  the  equinoctial  points  recede  on  the  plane  of  the  ecliptic  at  the 
rate  of  50''' 1  annually.    This  motion  is  called  the  precession  of  the  equinoxes. 

Note  144.  pp.  76.  95.  Let 
^  «Y>  0,e  T  E,  fig.  36.,  be  the 
planes  of  the  equinoctial  or  ce- 
lestial equator  and  ecliptic,  and 
Pt  P,  their  poles.  Then  suppose 
p,  the  pole  of  the  equator,  to 
rerolve  with  a  tremulous  or 
wavy  motion  in  the  little  ellipse 
pcdb  in  about  19  years,  both 
motions  being  very  small,  while 
the  point  a  is  carried  round  in 
the  circle  a  A  B  in  25,868  years . 
The  tremulous  motion  may  re- 
present the  half-yearly  variation, 
themotinn  in  the  ellipse  gives  an 
idea  of  the  nutation  discovered 
by  Bradley^  and  the  motion  in 
the  circle  a  A  B  arises  from  the 
preceision  of  the  equinoxes.  The 
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▼ibrates  between  them  in  the  direction  of  the  arrow  heads.  The  undulations 
of  the  whole  column  of  air  give  the  fundamental  note,  while  the  vibrations  of 
the  divisions  give  the  harmonics. 

NoTK  178.  p.  166.  Fig.  1.  plate  1  shows  the  vibrating  surface  when  the  sand 
divides  it  into  squares,  and  fig.  2.  represents  the  same  when  the  nodal  lines 
divide  it  into  triangles.  The  portions  marked  a  a  are  in  difibrent  states  of 
▼ibration  firom  those  marked  b  b. 

NOTJE 179.  p.  167.  Plates  1.  and  2.  contain  a  few  of  Chladni's  figures.  The 
white  lines  are  the  forms  assumed  by  the  sand,  from  different  nodes  of  vibrap 
tion,  corresponding  to  musical  notes  of  different  degr^  of  pitch.  Plate  3. 
contains  six  of  Chladni's  circular  figures. 

Note  180.  p.  167.  Mr.  Wheatstone's  principle  is,  that  when  vibrations  pro- 
ducing the  forms  of  figs.  1.  and  2.  plate  3.  are  united  in  the  same  surface,  they 
make  the  sand  assume  the  form  of  fig.  3.  In  the  same  manner,  the  vibrations 
which  would  separately  cause  the  sand  to  take  the  forms  of  figs.  4.  and  5. 
would  make  it  assume  the  form  in  fig.  6.  when  united.  The  fig.  9.  results  from 
the  modes  of  vibration  of  7.  and  8.  combined.  The  parts  marked  a  a  are  in 
different  states  of  vibration  firom  those  marked  b  b.  Figs.  1.  2.  and  3.  plate  4. 
represent  forms  which  the  sand  takes  in  consequence  of  simple  modes  of 
vibration ;  4;  and  5.  are  those  arising  from  two  combined  modes  of  vibration ; 
and  the  last  six  figures  arise  from  four  superimposed  simple  modes  of  vibra- 
tion. These  complicated  figures  are  determined  by  computation  independent 
of  experiment 

Note  181.  p.  167.  The  long  cross  lines  of  fig.  46.  show  the  two  systems  of 
nodal  lines  given  by  M.  Savart's  laminae. 
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NoTB  182.  p.  168.    The  short  lines  on  fig.  46.  show  the  positions  of  the  nodal 
lines  on  the  other  sides  of  the  same  laminse.  * 

Note  183.  p.  168.    Fig.  47.  gives  the  nodal  lines  on  a  cylinder,  with  the  paper 
rings  that  mark  the  quiescent  points. 
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Fig.  47. 
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are  transferred  in  the  same  manner,  direct  and  inverted  images  of  the  ship  are 
formed  in  the  air  above  it 


i^.sa. 


NoTB  189.  p.  180.  Fig.  53.  represents  the 
section  of  a  poker,  with  the  refraction  pro. 
duced  by  the  hot  air  surrounding  it. 


1 V     i^oMS     y 

Note  190.  p.  183.    The  solar  spectrum.    A  ray  from  the  sun  at  S,  fig.  54. 

Fig.  5^ 


admitted  into  a  dark  room  through  a  small  round  hole  H  in  a  window  shutter, 
praeeedf  in  a  straight  line  to  a  screen  D,  on  which  it  forms  a  bright  circular 
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round  on  each  side  of  it,  and,  arriving  at  the  screen  in  different  states  of  vibra- 
tion, interfere  and  form  a  series  of  coloured  fringes  on  each  side  of  a  central 
white  band  m.  When  a  piece  of  card  is  interposed  at  C,  so  as  to  intercept  the 
light  which  passes  on  one  side  of  the  hair,  the  coloured  fringes  vanish.  When 
homogeneous  light  is  used,  the  friiiges  are  broadest  in  red,  and  become 
narrower  for  each  colour  of  the  spectrum  progressively  to  the  violet,  which 
gives  the  narrowest  and  most  crowded  fringes.  These  very  elegant  experi- 
ments  are  due  to  Dr.  Thomas  Young. 

Note  194i.  pp.  197.  SS8.    Fig.  58.  shows  Newton's  rings,  of  which  there  are 
seven,  formed  by  screwing  two  lenses  of  glass  Fig.  58. 

together.  Provided  the  incident  light  be  white, 
they  always  succeed  each  other  in  the  following 
order:  — 

1st  ring,  or  1st  order  of  colours :  Black,  very 
&int  blue,  brilliant  white,  yellow,  orange,  red. 

Sd  ring :  Dark  purple,  or  rather  violet^  blue, 
a  very  imperfect  yellow-green,  vivid  yellow, 
crimson  red. 

3d  ring :  Purple,  blue,  rich  grass  green,  fine 
yellow,  pink,  crimson. 

4th  ring  :  Dull  bluish  green,  pale  yellowish  pink,  red. 

5th  ring :  Pale  bluish  green,  white,  pink. 

6th  ring :  Pale  blue-green,  pale  pink. 

7th  ring :  Very  pale  bluish  green,  very  pale  pink. 

After  the  seventh  order,  the  colours  become  too  faint  \AY>ft  ^\%NiSxi^sa^i]ioA&. 
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NOTES.  481 

Note  222.  p.  399.  Fig.  74.  represents  the  curves  in  question.  It  is  evident 
that  for  the  same  focal  distance  S  P,  there  can  be  but  one  circle  and  one  para- 
bola p  P  R,  but  that  there  may  be  an  infinity  of  ellipses  between  the  circle 
and  the  parabola,  and  an  infinity  of  hyperbolas  H  P  Y  exterior  to  the  parabola 
pFR. 

Note  223.  p.  411.  Let  A  B,  fig.  26.,  be  the  diameter  of  the  earth's  orbit,  and 
suppose  a  star  to  be  seen  in  the  direction  A  S'  from  the  earth  when  at  A. 
Six  months  afterwards,  the  earth  having  moved  through  half  of  its  orbit, 
would  arrive  at  B,  and  then  the  star  would  appear  in  the  direction  B  S%  if 
the  diameter  A  B,  as  seen  ftom  S',  had  any  sensible  magnitude.  But  A  B, 
which  is  190,000,000  of  miles,  does  not  appear  to  be  greater  than  the  thickness 
of  a  spider's  thread,  as  seen  firom  61  Cygni,  supposed  to  be  the  nearest  of  the 
fixed  stars. 

Note  224.  p.  414.  The  mass  is  found  in  the  manner  explained  in  note  133. ; 
but  the  method  of  computing  the  distance  of  the  star  may  be  made  more  clear 
by  what  follows.  Though  the  orbit  of  the  satellite  star  is  really  and  apparently 
elliptical,  let  it  be  represented  by  C  D  O,  fig.  14.,  for  the  sake  of  illustration, 
the  earth  being  \n  eL  It  is  clear  that,  when  the  star  moves  through  C  D  O, 
its  light  will  take  longer  in  coming  to  the  earth  firom  O  than  from  C,  by  the 
whole  time  it  employs  in  passing  through  O  C  the  breadth  of  its  orbit.  When 
that  time  is  known  by  observation,  reduced  to  seconds,  and  multiplied  by 
190,000,  which  is  the  number  of  miles  light  darts  through  in  a  second,  the  pro. 
duct  will  be  the  breadth  of  the  orbit  in  miles.  From  this  the  dimensions  of  the 
ellipse  will  be  obtained  by  the  aid  of  observation,  the  length  and  position  of  any 
diameter  as  S/i  may  be  found ;  and  as  all  the  angles  of  the  triangle  dSp  can 
be  determined  by  observation,  the  distance  of  the  star  f^om  the  earth  may  be 
computed. 

Note  225.  p.  416.  One  of  the  globular  clusters  mentioned  in  the  text,  is  re- 
presented  in  fig.  1.,  plate  5.  The  stars  are  gradually  condensed  towards  the 
centre,  where  they  run  together  into  a  blaze  somewhat  like  a  snowball.  The 
more  condensed  part  is  projected  on  a  ground  of  irregularly  scattered  stars, 
which  fills  the  whole  field  of  the  telescope.  There  are  few  stars  in  the  neigh- 
bourhood of  this  cluster. 

Note  226.  p.  419.  Fig.  2.  plate  5.  represents  one  of  those  enormous  rings  in 
its  oblique  position.  It  has  a  dark  space  in  the  centre,  with  a  small  star  at  each 
extremity.  , 

Note  227.  p.  419.  Fig.  3.  plate  5.  may  convey  some  idea  of  the  ring  in  the 
constellation  of  the  Lyre  mentioned  in  the  text 

Note  228.  p.  419.  This  most  wonderful  object  has  the'appearance  of  fig.  4. 
plate  5.  The  southern  head  is  denser  than  the  northern.  The  light  of  this 
object  is  perfectly  milky.    There  are  one  or  two  stars  in  it. 

Note  229.  p.  419.    Fig.  5.  plate  5.  represents  this  brother  system. 

Note  230.  p.  420.  Fig.  6.  plate  5.  represents  one  of  the  spindle-shaped 
nebulse. 

Note  231.  p.  427.  Elongation.  The  apparent  angular  distance  of  an  object 
flrom  the  centre  of  the  sun. 
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Aberration  of  light,  38.    Note  98. 
Absorption  of  solar  light  by  the  atmo- 
sphere, 182. 
— —  of  light  by  coloured  media,  184. 

—  not  inconsistent  with    the  undu- 
.  latory  theory,  202. 

Acceleration  in  the  mean  motion  of  the 
moon,  46. 

of  £ncke*8  comet,  385. 

— r-  of  Biela*8  comet,  385. 

Accidental  colours,  190. 

Achromatic  telescope,  189.    Note  192. 

Action  and  reaction,  6.    Note  19. 

of  light  on  the  retina,  205. 

Adhesion  bf  glass  plates,  125. 

AflBnity,  chemical,  127. 

Air,  atmospheric,  analysis  of,  138. 

Airy,  Professor,  his  determination  of 
the  inequality  of  the  earth  and  Venus, 
32.  His  experiments  on  the  motion 
of  polarized  light  through  quartz, 
223. 

Algas,  or  sea  weeds,  their  distribution, 
296. 

Algol,  a  variable  star,  204. 

Alhason  the  Saracen,  observed  the  ef- 
fects of  refraction,  178. 

Altitude,  the  height  of  a  celestial  body 

P  above  the  horizon,  177. 

Ampdre,  M.,  his  theory  of  electro- 
dynamics, 354. 

Ana.\ogj  between'a  stretched  cord  and 
the  interference  of  light,  224. 

——between  the  diflfbrent  rays  of  the 
solar  spectrum,  247. 

—  between  light,  heat,  and  sound, 
260. 

Analytical  formulae,  125.    Note  158. 
Analyzing  plate,  a  piece  of  glass,  or  a 

slice  of  a  crystal  used   for  examin- 
'   ing  the  properties  of  polarized  light, 

218. 


Analysis,  3.    Note  3. 

Ancient  chronology,  102. 

Angle  of  position   of  a  double  star, 

405. 
Angular  motion  of  the  earth,  107.  Note 

152. 

Velocity,  75.  107.    Notes  89.  138. 

152. 

motions  of  the  first  three  of  Jupi- 
ter's satellites,  35,  36. 

Animal  electricity,  332. 

Animals,  distribution  of,  298. 

Annual  equation,  44. 

Anomaly,  mean,  46.    Note  106. 

Antennae,  the  threadlike  horns  on  the 
heads  of  insects,  247. 

Aphelion,  21.    Note  65. 

Apsides,  12.  21.    Notes  49.  66. 

,  motion  of,  21 ,  22.    Note  67. 

Arabian  science,  30.  47. 105. 

Arago,  M.,  shows  that  the  moon  does 
not  affect  the  atmosphere,  142.  I^is 
experimenU  on  polarized  light,  228. 
His  observations.on  the  temperature 
of  the  earth  and  the  air  above  it, 
287.  On  the  translation  of  the  mag- 
netic equator,  336.  His  discovery  of 
electricity  from  rotation,  360.  His 
Treatise  on  comets,  386.  On  the  pro- 
bability of  the  earth  being  struck  by 
a  comet,  387.  He  proves  that  comets 
shine  by  reflected  light,  397.  His 
estimate  of  the  number  of  comets, 
399. 

Arc  of  the  meridian,  58.  Notes  124, 
125. 

Arcs  a  measure  of  time,  26.    Note  76. 

Areas  proportional  to  the  time,  11. 
Note  41. 

Aries,  the  first  point  of,  93. 

Armature,  a  piece  of  soft  iron  connect, 
ing  the  poles  of  a  horse-shoe  magnet 
358. 

Artesian  wells^  268. 
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■liji,  as. 

AiKoBMnj.phy.lciJ.a. 

of  [he  Chinese  and  Indian..  lOi, 

.lhela.-ofilifleii.tU,  139. 

,  Ihe  efftrt  of  hoa[  on.  1S9. 

.thcexlentof.  141. 

,  DMilLiaoiuof,  IM. 

. — ^  of  Die  moan  and  ptineU,  9E2. 
oflhBran,l!e3. 

Atomic  wrighU,l«7. 

Aamctlon  of  a  iphe-e  anfl  ^lieroid,  6. 

~Bfthe™iHU«lbodi«.'a. 
-^,  uni-enut,  7. 

.opillatT.13*. 

.el«tricia,m 

,in,«n=Uc.339. 

oTelertrie  cunenli,  Stt 

BoUha.  Ildea  at,  11.?. 
Sstlery,  Voltaic.  S2J. 
BMkman,    M.,    hii  flimiurf  rf  I* 

Bewiiierrf,  M..  bi<  ei[«iM»o  • 
3ia  HU  theoTT  of  atttwi*"'* 
tali.  330.  HUlhermMlacteWi.? 

Bi«el.  Pioftiuor,  hit  notu*  o(ll>«> 

Biela,  M.,  •Ilieoter.  ■  comet. « 

Binary  irBenia  of  nan.  SK. 

BI«extlle,orle.p-)™.« 

Biol,  M,  hi.  a^cnt  in  aUUm.  Wl 

ofeLectricaHiBhl.SOa    OtUB-rt 

fludng  hi!  leroitaiie  afiab»,a 
Bi>dl,tbeiI<aap..Trioo.S9gL 
Bannycaitlc.    Capl,   hii  tarmK  <* 

IrewBXer.  Sir  David,  hia  diaflffiVT 
Hit  Btialyjli  oftolar  llgtil, 
inTntigidon   of  the  tnni* 
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Brinkley,  Bishop,  his  value  of  the  mass 

of  the  moon,  69. 
Brown,  Mr.,  his  botany  of  Australia, 

S95. 
Buchan,  Dr.,  his  account  of  a  mirage, 

181. 
Bumes,  Mr.,  his  account  of  a  volcanic 

elevation,  275. 


Caesar,  Julius,  his  Calendar,  99. 

Cagniard  de  la  Tour,  M.,  his  invention 
of  the  Syren,  164. 

Callcott,  Mrs.,  her  account  of  the  earth- 
quake at  Valparaiso,  274. 

Caloric  the  cause  of  heat,  232. 

— ,  the  radiation  of,  2S3.  248. 

Calorific  rays  of  the  solar  spectrum, 
232. 

.—  independent  of  light,  232.  et  seq. 

—— ,  transmission  of  the,  234.  el  seq. 

'■^—,  reflection  and  absorption  of  the, 
240.248. 

— — ,  refraction  of,  240. 

._— ,  polarization  of,  242. 

Capillary  attraction,  129. 

— —  of  tubes,  129.    Notes  168, 169, 170. 

—^  of  plates,  131.  et  seq.    Notes  171, 
172. 

Centre  of  gravity,  5.    Note  10. 

-u.->  of  the  solar  system,  its  motion,  9. 
28.    Note  82. 

of  the  universe,  30. 

Centrifugal   force,  6.  115.     Notes  18. 
157. 

Chaldeans,  their  observations  of  eclipses, 
45.47. 

Chemical  rays  of  the  solar  spectrum, 
233. 

,  transmission  of,  248. 

Chemical  affinity,  127. 

Chinese  science,  102. 105. 

Chladni,  his  experiments  on  vibrating 
plates,  166.    Note  179. 

Christian  era,  99. 

Clairaut,  his  computation  of  the  dis- 
turbances of  Halley's  comet,  330. 

Cleavage,  133. 

Climate,  280. 

,  stability  of,  290. 

of  the  planets,  262. 

Climates,  excessive,  289. 

I 


Coal  measures,  their  early  formation, 
87. 

Cobalt,  a  metal,  its  polarity,  320. 

Cohesion,  120.  et  seq. 

Cohesive  force,  the  intensity  of,  124. 

Cold  at  Melville  Island,  265. 

Colladon,  M.,  his  experiments  on  sound 
under  water,  153. 

Collision  of  a  comet,  89.  386. 

Coloured  media,  their  action  on  light, 
184.202. 

fkinges,  193.  200.  et  seq. 

Colours,  prismatic,  183.  et  seq. 

,  accidental,  190. 

,  complimentary,  190. 

of  the  stars,  414. 

Columbus  discovers  the  variation  of  the 
compass,  338.  His  account  of  the  gulf- 
weed,  296. 

Coma  Berenices,  the  constellation,  ne- 
bulse  in  it,  415. 

Comet,  Halley's,  380. 

,  Lexers,  379. 

— ,  Encke's,  383. 

,  acceleration  of  a,  384. 

,  Biela  or  Gambart's,  286. 

,  shock  of  a,  387. 

of  the  year  1680, 388. 

Comets,  375. 

,  orbiU  of,  377.  399. 

,  fall  of,  to  the  sun,  389. 

,  masses  of,  390. 

,  taUs  of,  393. 

,  nebulosity  of,  391.  395. 

,  light  of,  396. 

,  number  of,  399. 

Compass.     See  Mariner's  Compass. 

Compression,  6.    Note  11. 

of  a  spheriod,  8. 

of  the  terrestrial  spheroid,  48.  59. 

62.    Note  31. 

of  Jupiter,  9.  70. 

of  a  fluid  mass  in  rotation,  4S. 

Concentric  hollow  sphere,  its  attrac- 
tion, 5.    Note  8. 

elliptical  strata,  56.    Note  120. 

Cone,  &    Note  22. 

Configuration  or  relative  position  of  Ju. 
piter  and  Saturn,  30.    Note  85. 

of  Jupiter's  satellites,  S3.      Note 

88. 

of  land  and  water,  286. 

Conic  sections,  6.    Note  22. 

Conjunctvou^Sl.   "^ofWfe'^.         . 
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Co-acdlnat»Dr>[>1inU,13,    KoteSG. 

CoHncaiidilMorinucai.    KDUia. 

on«lt«L>.M.    Nolrm 

.b.t  tte  length  of  .he  JB.t» 

Cook,  Ci^iL,  the  objecl  oT  hi.  SnU  loj- 

beenincreaiEd  by  Ihi.  ico™  olM 

ige.ex 

Cordler,  U,  an  Uie  heal  of  lhi>  earth. 

moBpheric  dectricltr.  31i    Ik 

Coulomb,  hU  tolBBCo  of  loreion,  SOS. 

»ell.aS9. 

i:utreql.,3Bl. 

the  Innjmuiiori  ofcalsrlcS. 

Cr)T*jg«oU,m    NoMSK 

Di.n.i(iorboill«.TO. 

Dfth«.un«,dpi™et..ja 

Ib=w.ttrof.l30. 

^E9l!BBoflim«l,lM. 

o(U.ee.rth.'w.' 

Cub^lSl.    SottJBS. 

Depth  of  [he  ocean,  fil  la  im. 

CubanfiD™cUnincM,7.    SattSS. 

DeriMlon  of  light    Mole  laL 

Cunenu  in  Uw  ocwi,  lis. 

Deir.thefcnDMionotafl. 

— of  <techMtr.au  <ri  «,.  3w  rf  H^ 

DiMeWwR    Note  I. 

CnrvM  of  the  lecond  otilw.  or  conic 

^of[he.nnind™tb,ai. 
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QUturlung  force  of  the  moon  m  the 

earth,  99/ 
-~r.  of  the  moon  QQ  tier^el^  4^ 

Division  of  time,  96. 

-— -,  decimal,  98, 

Qoehweiaer,  M.,  hi«  experiments  ootfae 
combustion  of  platina,  128. 

Dolland,  Mr.,  his  achromia  telescope, 
189. 

Double  refraction,  909.    Note  SOQ. 

——starts  405. 

Dunlop,  Mr.,  hi*  catalogue  of  double 
stars,  406, 

Duperrey,  Captain,  bis  determinntion 
of  the  magnetic  equator,  336. 

Dusejour,  M.,  proves  that  a  comet  can- 
not remain  long  near  the  earth,  376. 

Dynamics,  the  science  of  force  and  mo- 
tion, 482. 


E. 


Earth,  form  of  the,  8.  54. 

,  from  arcs,  57. 

. ',  Arom  pendulum,  60. 

— — ,  from  lunar  theory,  48. 

.1,.-.,  ftom  precession  and  nutation,  62. 

y  Arom  tbe  mean  of  all,  62. 

•^"•^  mean    diameter,    circumference, 

polar  and  equatorial  radius  of  the,  59. 

,  density  of  the,  70.  91. 

•«*«»,  internal  structure  of  the,  90. 
-..,^,  oentral  heat,  and  temperature  of 

the,  84.  et  seq.  266.  et  seq. 
■  .    ^  magnetism  of  the,  333. 
wm,^,  magnetic  by  induction,  366. 
— r>,  rotation  of  the.    See  Rotation. 
Earthquakes,  273u 
.,  ■■»  noise 0^  157. 
^hos,  157. 

Eclipses  of  the  sun,  50.    Note  114. 
of  the  moon,  49.    Note  109. 
of  Jupiter's  satellites,  36.    Notes 

,  of  the  planets,  5L 

Ecliptic,  12. 

— — ,  plane  of,  13. 

— «,  secular  variation  of,  25.  93.  95. 

Egyptians,  their  year  and  week,  99. 

Elastic  bodies,  vibrations  of,  160.  et  seq. 

See  Vibration. 
Elasticity  of  the  atmosphere,  138.  et  seq. 
—,  of  matter,  120. 


Electric  induction,  305. 

intensity,  305.  ei  se%* 

tension,  308. 

clouds,  312. 

— —  currents,  322.  946.  352.  ei  seq. 

and  magnetic  currents,  352.  et  seq. 

machines,  369. 

Electricity,  common,  301. 

,  eflRpcts  of,  313.  317. 

y  sources  of,  301.  310. 

-v-r-ft  atmo^heric,  311. 

— T>,  veloeity  of,  915. 

,  Voltaic,  321. 

y  animal,  331. 

— — ,  thermal,  363. 

— -  by  rotation,  360. 

.— .  producing  rotation,  348. 

of  metallic  veins,  368. 

.  magneto,  356. 

,  identical  with  magnetism,  358. 

-^— ,  identity  of  all  the  kinds,  371 . 

Electrics  and  non-electrics,  302.  et  seq. 

Electro-magnetism,  346. 

magnetic  induction,  350. 

— —  magnets,  350. 

dynamic  cylinders,  353.     Note  219. 

dynamics,  352. 

Elements  of  the  planetary  orbits,  13. 
Note  57. 

— -,  how  founded  from  observation,  72. 
Note  135. 

——  of  parabolic  orbits,  378. 

of  stellar  orbits,  405. 

Ellipse  a  conic  section,  6.    Note  24. 

,  the  limits  of,  223.    Note  210. 

Ellipsoid,  oblate  and  prolate,  5.    Note  9. 

-^  of  revolution,  55.    Note  119. 

,  terrestrial,  62. 

Elliptical  or  true  motion,  11.    Note  39. 

Encke,  Professor,  his  determination  of 
the  orbit  and  motion  of  the  comet 
named  after  him,  384.  Of  its  accele- 
ration, 384.  And  of  the  orbit  of  the 
star  70  Ophiuci,  407. 
Epoch,  the,  13. 

,  longitude  of  the,  13. 

Equation  of  the  centre,  12.  43.    Note 
4a 

of  time,  97. 

Equator,  6.    Note  11. 

Equilibrium,  stable  and  unstable,  i^ 

Note  60. 
Equinoctial,  12.    Note  46. 
Equinoxes,  ISl.   ^cA^^fe. 
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Fulgorites,  314. 

Fundamental  note  in  music,  160. 


G. 


Galileo  first  observed  the  nodal  points 

of  vibrating  bodies,  166. 
Galvani,  Professor,  bis  discovery,  321. 
Galvanometer,  351. 
Gambart,  M.,  his  computation  of  the 

elements  of  a  comet,  386. 
Gardner,  Mr.,  on  the  configuration'  of 

land  and  water,  286. 
Gay-Lussac,  M.,  his  law  of  the  com. 

bination  of  gases,  127.  His  estimation 

of  the  length  of  a  flash  of  lightning, 

313. 
Gensanne,  M.,  his  observations  on  the 

heat  of  mines,  266. 
Giesecke,  Sir  Charles,   on  isothermal 

lines,  288. 
Glass,  impermeable  to  heat,  236.  et  seq. 

prism,  183,    Note  190. 

^— ,  crown  and   flint,   properties  of, 

188. 
,  polarising  angle  of,  213.    Note 

205. 

,  vibrations  of,  165. 

Goodricke,  M.,  his  opinion  of  variable 

stars,  404l 
Graham,  his  compensation  pendulum, 

252. 
Gravitation,  4.  55.    Note  5. 
— ,  terrestrial,  5. 
— — y  decreases  from  the  poles  to  the 

equator,  55. 
— ,  the  intensity  of,  6.    Note  13. 
——of  the  planets  and  satellites,  7. 

Note  28. 
— — ,  universal,  7.  et  seq, 
— ,  the  nature  of,  429. 
—  proportional  to  the  mass,  7.    Notes 

27,28. 
^— ,  a  consequence  of  electric  action, 

120.  et  seq. 
Gravity,  the  direction  of,  54. 
Great  inequality  of  Jupiter  and  Saturn, 

80. 103. 
Grimaldi,    his   discovery   of  coloured 

fringes  on  the  borders  of  shadows, 

201. 
Grylli,  grasshoppers,  crickets,  locusts, 

&c.,  150. 
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Haldinger,  M.,  his  experiments  on  crys- 
tallization, 130. 

Hall,  the  first  to  construct  an  achro- 
matic telescope,  189. 

Halley's  comet,  380. 

Hanstein,  Professor,  his  magnetic  maps, 
335.  Observations  on  the  intensity  of 
terrestrial  magnetism,  337.  Discovers 
all  substances  to  be  magnetic  in  a  cer. 
tain  position,  339. 

Harmonic  divisions  of  a  musical  string, 
160. 

— —  divisions  of  a  column  of  air,  163. 

Harmony,  162. 

Harris,  Mr.  Snow,  his  experiments  on 
electricity,  305.  et  seq. 

Harrison,  Mr.,  his  compensation  pen. 
dulum,  253. 

Hearing,  the  extent  of,  150. 

,  experiments  of  Dr.  Wollaston  on, 

149. 

<-^,  experiments  of  M.  Savart  on,  150. 

Heat,  theory  of,  232. 

,  transmission  of,  234. 

-^— ,  of  various  kinds,  5236. 

,  solar,  transmission,  of,  239. 

,  maximum  point  of,  in  solar  spec- 
trum, 241. 

— — ,  polarization  o^  242. 

,  analogy  between  light  and,  246. 

,  radiant,  248. 

,  expansion  by,  251. 

,  propagation  of,  253. 

,  latent,  256. 

,  application  of,  259. 

— — ,  supposed  to  consist  of  undulations 
of  the  ethereal  medium,  259. 

,  solar,  262.  et  seq. 

-^,  quantity  of  solar,  278. 

— .^,  quantity  of  solar,  lost  and  gained 
by  the  earth,  invariable,  290. 

,  central,  of  earth,  266.  et  seq. 

^ — ,  superficial,  of  earth,  279. 

,  distribution  of,  280. 

,  influence  of,  on  vegetation,  291. 

Height  of  atmosphere,  141. 

of  tides,  113. 

of  mountains,  8. 
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Inequalities.    See  Perturbations. 
Insects,  the  distribution  of,  399. 
Intensity  of  light,  196. 

of  sound,  14S.  155. 

of  gravitation,  6. 

Interference  of  waves,  114.    Note  174. 
. of  tides  at  Batsha  in   Tonquin, 

115. 

of  sound,  158. 

of  light,  192.  9S4.    Notes  19a  21L 

Internal  beat  of  the  earth,  9^  9B6»  ei 

seq. 

structure  of  the  earth,  90. 

structure  of  Jupiter,  36. 70. 

structure  of  Saturn  and  Mars,  70. 

Invariable  plane  of  the  solar  system,  28. 

Note  80. 

,  position  of,  29.    Note  81. 

of  the  universe,  SO. 

Inverse  square  of  distance,  6.    Note  2S. 

cube  of  distance,  GB.    Note  1S3. 

Iron,  its  magnetic  properties,  338.  363. 

Isogeothermal  lines,  ^Q: 

Isomorphism,  132. 

Isothermal  lines,  287. 

Ivory,  Mr.,  his  determination  of  the 

form  of  the  terrestrial  ^heroid,  54. 

59.      His   formulae  for  barometrical 

measurements,  140.     On  the  distri. 

butlon  of  the  electric  fluid,  306. 


J. 


Jews  used  the  week  of  seven  days,  99. 
Jovial  System,  the  mass  of,  68. 
Julian  Calendar,  99. 
Jupiter,  the  compresnon  of,  76. 

,  magnitude  of,  70. 

,  mass  of,  68. 

,  rotation  of,  76. 

— — ,  precession  and  nutation  of,  36. 
,  in  conjunction  and  oj^sition,  37. 

Note  96. 
•^— and    Saturn,    their    theory,    30. 

Note  84. 
Jupiter's  satellites,  theory  of,  33. 

,  masses  of,  33.  68. 

,  orbiU  of,  33, 34.    Notes  86, 87. 

,  law  in  the    mean    motions   and 

mean  longitudes  of,  36. 

,  synodic  motions  of,  36.    Note  92. 

,  eclipses  of,  36.    Notes  93, 94. 

,  configuratioD  of,  &i,    Note  Sa. 


Jupiter's  satellites,  eSlict  of  Jupiter's 
form  on,  34u 

secular  variations  of,  34.  et  seq. 

periodic  variations  of,  35. 

effects  of  the  displacement  of 
Jupiter's  .equator  and  orbit  on,  35. 
Note  90. 

~^  rotation  of,  80. 
— ,  libration  of,  79. 


K. 


Kater,  Capt,  determines  the  length 
of  the  seconds  pendulum  at  London, 
104. 

Kempelen  and  Kratzenstein,  their 
speaking  machine,  174. 

Kepler  discovers  the  form  of  the  pla-* 
netary  orbits,  6.  Note  26.  His  laws, 
7. 

Kupflfer,  *M.,  his  observations  on  the 
isothermal  lines  and  the  poles  of 
maximum  cold,  289.  Discovers  a 
nocturnal  variation  in  the  compass, 
334. 


Lagrange,  M.,  proves  the  stability  of 
the  Solar  System,  28. 

Lalande,  M.,  his  c(»nputation  of  the 
contemporaneous  eonjunctions  of  the 
planets,  51 

Laminae,  vibrations  of,  167.  Notes  181, 
182. 

Lamq^roux,  M.,  on  the  distribution  of 
sea-weeds,  296. 

Languages^  collation  erf,  300. 

,  vocal  articulation  of,  imitated  by 

machines,  175. 

La  Place,  the  Marquis,  his  determin. 
ation  of  the  invariable  plane,  28. ;  and 
of  the  great  ineqtiality  of  Jupiter  and 
Saturn,  30.  Proves  that  the  lunar 
perigee  and  nodes  are  not  affbcted  by 
the  resistance  of  ether,  46.  He  dis- 
covers the  cause  of  the  lunar  acce- 
leration, 46.  His  theory  of  spheroids, 
54.  He  ascribes  the  motions  of  the 
planets  to  a  common  original  cause, 
76.  Proposes  the  year  1250  a«  &  uxvv- 
veT&«&.  ei^yotitv,  YJfc.    ^JeMstaJass^k.  \xss«v^ 
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Magnetism  of  diflferent  substances,  338. 

, and  electricity  identical,  357. 1 

of  the  8un>nd  planets,  370. 

,  terrestrial,  333.  366. 

Magneto-electricity,  356. 

Major  axis  of  an  ellipse.    Note  23. 

of  an  orbit,  11 .    Note  42. 

^— ,  secular  motion  of,  21. 

•^—  of  planetary  orbits  invariable   in 
length,  25. 

Malus,  M.,  his  discovery  of  the  polar- 
ization of  light,  226. 

Mankind  identical  in  species,  300. 

Marcet,  M.,  on  the  temperature  of  an 
Artesian  well,  269. 

Marco  Polo  finds  a  difficulty  of  kindling 
fire  at  great  heights,  141. 

Marine  plants,  their  distribution,  296. 

Mariner's  compass,  338. 

— -,  variation  of,  333. 

Mars  eclipsed  Jupiter,  51. 

—— ,  parallax  of,  66. 
,  compression  of,  70. 

,  climate  of,  264. 

Mass,  7.    Note  27. 

of  the  sun  and  planets,  68. 

of  Jupiter's  satellites,  68. 

of  the  moon,  69. 

—  of  Jupiter  and  the  Jovial  System, 
68,69. 

-^  of  comets,  390. 

Mathematical  and  Mechanical  sciences, 
5.    Note  2. 

Matter,  proportion  of,  in  any  two  pla- 
nets, 68.    Note  133. 

^— ,  the  ultimate  particles  of,  119.  ef 
seq. 

,  the  attraction  of,  5.    Note  5. 

— -,  its  diffusion  in  space,  423. 

Maximum  squares,  73.    Note  136. 

point  of  heat  in  solar  spectrum,  241. 

Mayer,  M.,  his  catalogue  of  stars,  407. 

Mean  time,  96. 

distance,  11.    Note  41. 

motion,  12.    Notes  43.  45. 

longitude,  12.    Note  47. 

motions  and  major  axes,  their  con- 
stancy, 25. 

motions   of  Jupiter   and   Saturn, 

law  of,  30. 

^—  motions  of  Venus  and  the  earth,  32. 

motions  of  Jupiter's  satellites,  law 

of,  36. 

Measures,  standards  of«  104. 


Melloni,  M,  his  experiments  on  the 

transmission  of  caloric,  234.  et  seq. 

On  the  point  of  maximum  heat  on  the 

solar  spectrum,  241. 
Mercury,  the  planet,  rotation  of,  75. 

,  climate  of,  264. 

Meridian,  57. 

,  mensuration  of,  58.    Note  124. 

,  form  of,  58. 

,  quadrant  of,  103. 

Messier,  M.,  on  Lexel's   comet,  378. 

Was  the  first  who  observed  Encke's 

comet,  383. 
Metals,  dilatation  of,  251.  ] 
Meteorites,  423L 

Meteors  and  shooting  stars,  424. 
Mdtre,  a  French  measure,  104. 
Mica,  its  action  on  light,  215. 217. 
Milky  way,  67.  415. 
Mines,  temperature  of,  267. 
Minor  axis  of  an  ellipse,  6.    Note  24. 
Mirage,  179. 
Miraldi,  M.,  discovers  the  rotation  of 

Jupiter's  fourth  satellite,  81. 
Mitscherlich,  Professor,  on  crystalliz- 
ation, and  the  effect  of  heat  on  crys. 

talline  bodies,  130.     His    theory    of 

isomorphism,  132.    On  the  expansion 

of  crystalline  bodies,  253. 
Molecular  attraction,  119. 
Molecules,  or  ultimate  particles,  J25. 
Moll,  Professor,  his  temporary  magnets, 

350. 
Momentum  of  the  planets,  15.    Note  59. 
Monocotyledonous  plants,  295. 
Moon,  theory  of  the,  42. 
-— ,  periodic  and  secular  perturbation 

of,  ,43.  etseq. 

,  action  of  planets  on,  44. 

disturbs  her  own  motion,  44. 

-^— ,  acceleration  of,  46. 

,  periods  of  her  secular  inequalities, 

47. 

,  mean  anomaly  of,  46.    Note  106. 

,  form  of,  79. 

,  mass  of,  69. 

,  rotation  of,  78. 

-^,  libration  of,  79. 
^— ,  constitution  of,  80. 

,  light  of,  263. 

,  atmosphere  of,  262. 

,  phases  of,  48. 

,  eclipses  of,  49. 
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P)uraUax,64.    Notes  1S8, 1S9» 

— — ,  horizontal,  64. 

— —  of  the  suti,  Mars,  aud  Venus,  68. 

— —  of  the  moon,  64. 

,  annual,  66.  411. 

Parallel  directions,  18.    ISoitfi  6S. 

of  latitude,  52.    Note  11. 

Parry,  Sir  Edward,  his  Journey  on  the 
ice,  117.  On  the  cold  at  Hdville  Is- 
iatid,  965.  On  the  temperature  of 
the  Arctic  sc^s,  288.  Saited  near  the 
magnetic  pole,  335. 
Particles  of  matter,  5. 1 19.    Note  6. 

subject  to  gravitation,  7. 124. 

.__,  size  of,  125. 

,  relative  weights  of,  127. 

,  form  of,  129. 

Pendulum,  39.  61.    Note  lOO. 

,  its  variation  discovered,  63. 

Penumbra,  49.    Note  111. 
Perigee,  lunar,  43.    Note  102. 
,     -,  variation  of,  47. 

,  variation  of  solar,  100.    ;Note  147. 

Perihelion,  13.    Note  57. 

,  secular  variation  of,  21.    Note  64. 

Periodic  inequalities  of  the  planers,  17. 

of  Jupiter's  satellites,  ^. 

of  the  moon,  44. 

times,  7.  13. 

— —  proportional  to  cubes  of  mean  dis- 
tances, 7.    Note  26. 
Periodicity  of  the  planetary  perturb- 
ations, 26. 
Periods    of  rotation   of  the   celestial 

bodies,  75.  et  seq. 
Perkins,   Mr.,  his  experiments  on  the 

compressibility  of  matter,  91. 
Peron  and  he  Sueur,  MM.,  on  the  dis- 
tribution of  marine  animals,  298. 
Perturbations  of  the  planets  periodic 
and  secular,  17. 

expressed  in  sines  and  cosines  of 

circular  arcs,  26.    Note  76. 

of  Jupiter  and  Saturn,  30. 

of  Venus  and  the  earth,  32. 

of  Jupiter's  satelUtes,  34. 

of  the  moon,  43. 

of  comets,  378. 

Phases  of  the  moon,  48. 

Phosphorescence,  317. 

Plane  of  ecliptic,  12. 

—>_,  its  secular  variation,  28. 

Planetary  motions,  11.  17. 

Planets  move  in  conic  sections,  6. 


Planets,  their  forms,  5. 

,  atmospheres  of,  262. 

,  censtKution  of,  263. 

Plants,  their  distribution,  291.  etseq. 

Plateau,  M.,  on  complementary  colours, 

"190. 

Platina,  spontaneous  combustion*  t»f, 
128. 

Foinsot,  M.,  on  the  invariable  plane, 
28. 

Poisson,  Baron,  his  researches  on  ca- 
pillary attraction,  135.  On  the  dis- 
tribution of  the  electric  fluid,  306. 
On  the  law  of  the  magnetic  force, 
342. 

Polar  star,  95. 

Polarization  of  light,  206. 

by  refraction.  207. 

by  reflection,  213.    Note  205. 

,  circular,  219.    Note  209. 

,  elliptical,  £22. 

,  discovery  of,  226. 

of  heat,  243. 

— —  circular,  of  heat,  244. 

Polarized  light,  206. 

.undulations  of,  210.  223.     Note 

201. 

phenomena  of,  28.  et  seq.    Notes 

207,  208. 

in  quartz,  219.  223. 

,  interference  of,  224.    Note  211. 

Polarizing  angles,  214.    Note  205. 

apparatus.    Note  206. 

Poles  of  rotation,  6.    Note  11. 

— —  of  celestial  equator,  or  equinoctial, 
and  of  ecliptic,  12.  94.    Note  46. 

of  maximum  cold,  288. 

.— .,  magnetic,  335. 

Pouillet,  M.,  his  ^timation  of  the 
quantity  of  heat  annually  received 
from  the  sun,  278.  On  the  production 
of  atmospheric  electricity,  312. 

Powell,  Professor,  on  the  dispersion  of 
light,  229.    His  experiments  on  heat, 
239. 
Precession  and  nutation,  92.  Notes  143, 
144. 

,  eflf&cts  of,  93.  95. 

Principal  axis  of  rotation,  88. 
Prism,  its  use,  183. 
Prismatic  colours,  183. 
Probabilities,  theory  of,  its  utility,  73. 
Problem  of  the  three  bodies,  14. 


— ,  terrdlrial,  polur,  nnd  equal 


■         volaaic  iFTUpUon 
^  'ttnUg.e.    NotcIB. 


Reltaclion  or  nght.  176.177. 
— ,  arniMpherid,  177. 
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Seasons,  variation  or,  101. 

"Secular  variations,  17. 

of  apsides,  21.    Notes  f>6,  67. 

of  cxcentricity,  22.    Note  70. 

of  the  excentricity  of  the  terres- 
trial orbit,  23. 

of  nodes,  23.  et  seq.    Note  73. 

of  inclination.  £4.    Notes  72.  75. 

in  the  obliquity  of  the  ecliptic,  28. 

Notes  79. 143.  148. 

— —  of  Jupiter,  24. 

— —  of  Jupiter's  satellites,  34. 

of  the  moon,  45. 

Seebeck,  Professor,  on  the  maximum 
point  of  heat  in  the  solar  spectiiim, 
242. 

Shell.fish,  the  weight  they  sustain,  138. 

Shooting  stars,  425. 

Sidereal  dav,  96.  t^'^-riS 

revolution,  96. 

q^tronomy,  401. 

Sine  of  an  arc  or  angle,  26.    Note  76. 

Sirius,  distance  and  light  of,  402. 

Smyth,  Capt.,  measures  the  height  of 
Etna,  140.  His  observations  of  y 
Virginis,  407. 

Snow,  line  of,  perpetual,  289. 

Solar  System,  its  motion  in  space,  9. 
29.  410. 

Solar  spectrum,  18a  185.  230.  241. 

Solar  heat,  quantity  of,  278. 

,  distribution  of,  ^. 

Solstices,  201.    Note  148. 
Sothiac  period,  99. 
Sound,  theory  of,  146. 

,  undulations  producing,  147.    Note 

156. 
— -,  intensity  of  149. 155. 
— ,  velocity  of,  152. 
— — ,  transmission  of,  145. 

,  reflection  of,  156. 

,  refraction    and    interference   of, 

158. 
Sounds,  musical,  160. 
-^,  harmonic,  161. 
Space,  6.    Note  21. 

,  temperature  of,  965. 

SpecJcing  machine,  174. 
Sphere,  attraction  of,  5. 
Spheroid,  5.    Note  9. 

■  ,  attraction  of  a,  6.    Note  IS. 
Spring,  28. 
tides,  109. 


Square  of  distance,  6.      N  23 

of  moon's  distance,  6. 

of  sine  and  cosine  of  latitude,  56. 

Note  123. 

number  and  its  root.    Note  1 S2. 

Stability  of  system,  26. 

Stars,  fixed.  401. 

,  parallax  of,  67. 

,  distance  of,  67.  411. 

— — ,  distances    of,    known    from    the 
binary  systems,  412. 

,  number  of,  401. 

,  size  of,  402. 

that  have  vanished,  and  new  stars, 

403. 

,  variable,  404. 

,  their  proper  motions,  409.  412. 

,  double,  405. 

— — ,  parallactic  motions  of,  410. 

,  binary  systems  of,  and  their  or. 

bits,  496.  et  seq, 

— — ,  colour  of,  414. 

,  clusters  of,  415. 

Steam,  257. 

Struve,  Professor,  on  the  ringt  of  Sa- 
turn, 78.     On  Hailey's  comet,  381. 
On  the  double  stars,  408. 
Sun,  the  centre  of  gravitation,  7. 

,  motion  of,  9.  410. 

—-^  magnitude  of,  68, 69. 

,  eclipses  of,  50. 

•— ,  parallax  and  distance  of,  66. 

,  mass  of,  68. 

,  rotation  of,  75. 

— ,  constitution  of,  263. 

,  light  and  atmosphere  of,  S63. 

— — ,  spots  on,  263. 

— -,  heat  of,  278. 

Surfaces,  vibrating,  165.    " 

Svanberg,  M.,  on  the   temperature   of 

space,  265. 
Sykes,  Col.,  on  the  height  at  which 

wheat  grows,  293. 
Synodic  revolution,  49.    Note  112. 
Syren,  164. 

Syrup,  physical  properties  of,  220. 
System,  Solar,  its  stability,  26. 
— .,  its  motion,  9.  410. 

,  of  Jupiter  and  his  satellites,  34. 

,  of  binary  stars,  406. 

,  vibrating,  S61. 

Syzygies,  109.    Note  153. 
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VolUic  battery,  383. 

electricity,  propertiei  of,  325. 

— — .,  luminous  eflRBCti  of,  927. 

,  chemical  efitett  of,  328. 

— -  electricity,  transference  of,  329. 

composition  by,  330. 

*—  efibcts  of,  on  Uie  senses,  331. 
Volume,  70. 


W. 

Water,  decomporitlon  and  composition 
of,  328.  364.  372. 

«—  of  crystallisation,  130. 

—^  a  conductor  of  sound,  159L 

,  rotation  of,  348. 

Week,  the  antiquity  of,  99. 

Weight  of  the  atmosphere,  138. 

.——decreases  firom  the  poles  to  the 
equator,  55.  fil. 

——at  the  surfaces  of  the  son  and 
planets,  70. 

Weights  and  measures,  101. 

Wheatstone,  Professor,  his  musical  in- 
struments, 164.  His  experiments  on 
▼ibrating  surfaces,  167.  On  the  trans- 
missicm  of  sound,  178.  On  resonance, 
173.  On  the  velocity  of  the  electric 
fluid,  315.  On  the  qpectrum  of  the 
Voltaic  spark,  387. 

WiUis,  BIr.,  his  speaking  roed,  174 


Wollaston,  Dr.,  on  the  extent  of  the 
atmosphere,  125.  On  the  extent  of 
hearing,  149.  On  refk'action,  180. 
Discovers  the  chemical  rays  and  daric 
lines  of  the  solar  spectrum,  187.  232. 
On  rotatory  motion  by  the  electro- 
magnetic force,  348.  On  the  light  of 
the  celestial  bodies,  408. 


Y. 


Year,  civil  or   tropical,   and   sidereal 
years,  96.  et  srq.  * 

Young,  Dr.  Thomas,  on  the  compres. 
sion  of  substances,  91.  His  hiero- 
glyphic researchen,  101  On  capil- 
lary attraction,  135.  On  the  love  of 
harmony,  162.  Establishes  the  un-  ^ 
dulatory  theory  of  light,  195.  On 
the  interference  of  light,  SOI.  On 
radiant  heat,  260. 


Z. 


Zodiacal  light,  supposed  to  be  the  at- 
mosphere of  the  sun,  4fl0. ;  or,  accord- 
ing to  La  Place  and  Professor  Olm- 
sted, a  nebulous  body  revolving  in 
the  plane  of  the  Solar  equator,  427. 


THE    END. 
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